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INTRODUCTION. 

By  0.  W.  Hayes,  Geologist  in  charge  of  geology. 

This  bulletin  is  the  fifth  of  a  series,  including  Bulletins  Nos.  5 13, 
225,  260,  and  285,  Contributions  to  Economic  Geology  for  1902,  1903, 
1904,  and  1905,  respectively.  These  bulletins  are  prepared  primarily 
with  a  view  to  securing  prompt  publication  of  the  economic  results  of 
investigations  made  by  the  United  States  Geological  Survey.  They 
are  designed  to  meet  the  wants  of  the  busy  man,  and  are  so  condensed 
that  he  will  be  able  to  obtain  results  and  conclusions  with  a  minimum 
expenditure  of  time,  and  energy.  They  also  afford  a  better  idea  of  the 
work  which  the  Survey  as  an  organization  is  carrying  on  for  the  direct 
advancement  of  mining  interests  throughout  the  country  than  can 
readily  be  obtained  from  the  more  voluminous  final  reports. 

The  first  two  bulletins  of  this  series  included  numerous  papers  relat- 
ing to  the  economic  geology  of  Alaska.  In  view  of  the  rapid  increase 
of  economic  work  both  in  Alaska  and  in  the  States  and  the  organiza- 
tion of  a  division  of  Alaskan  mineral  resources,  distinct  from  the 
division  of  geology,  it  was  in  1905  considered  advisable  to  exclude 
all  papers  relating  to  Alaska.  These  were  brought  together  in  a  sepa- 
rate volume  entitled  "Report  of  Progress  of  Investigations  of  Mineral 
Resources  of  Alaska  in  1904,''  Bulletin  No.  259.  A  similar  segrega- 
tion of  papers  relating  to  Alaska  was  made  last  year  (Bulletin  No. 
284)  and  will  be  made  this  year. 

During  1906  a  further  change  in  the  arrangement  of  the  economic 
bulletin  seemed  desirable.  The  former  section  of  iron  ores  and  non- 
metallic  minerals  was  divided,  M.  R.  Campbell  being  placed  in  charge 
of  a  new  section  devoted  to  the  investigation  of  fuels,  including  coal, 
oil,  gas,  and  asphalts;  and  E.  C.  Eckel  remaining  in  charge  of  investi- 
gations of  iron  ores,  structural  materials,  and  miscellaneous  nonmetals. 
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This  change  in  Survey  organization  has  been  used  as  a  basis  for  a 
separation  of  t^'ieponomic  bulletin,  based  on  subjects.  The  present 
bulletin  (No.-il 5)' therefore  covers  the  work  of  the  Suney  in  1906  in 
the  metals/ -s^Kictural  materials,  and  other  nonmetals  exc(»pt  fuels. 
i!  A  separate ^Kulletin  (No.  316)  will  be  issued   lat^r  covering  Sun^ey 

work  on  coal,  lignite,  and  peat. 

In  the, preparation  of  the  present  volume  promptness  of  publication 
i  I  hasJtjB^n  made  secondary  only  to  the  economic  utility  of  the  material 

pT^^ented.     The  papers  included  are  such  only  as  have  a  direct  eco- 
,  ^noiriic  bearing,  all  questions  of  purely  scientific  interest  being  excluded. 
,'./\  The  papers  are  of  two  classes:  (1)  Preliminary  discussions  of  the 
''\'  results  of  extended  economic  investigations,  which  will  later  be  pub- 
"  -     lished  by  the  Survey  in  more  detailed  form ;  (2)  compara t  ively  detailed 
descriptions  of  occurrences  of  economic  interest,  noted  by  geologists 
of  the  Survey  in  the  course  of  their  field  work,  but  not  of  sufficient 
importance  to  necessitate  a  later  and  more  extended  description. 

The  papers  have  been  grouped  according  to  the  subjects  treated. 
At  the  end  of  each  section  is  given  a  list  of  previous  publications  on 
that  subject  by  this  Survey.  These  lists  will  be  serviceable  to  those 
Av^ho  wish  to  ascertain  what  has  been  accomplished  by  the  Survey  in 
the  investigation  of  any  particular  group  of  mineral  products.  They 
are  generally  confined  to  Survey  publications,  though  a  few  titles  of 
important  papers  published  elsewhere  by  members  of  the  Survey  are 
included. 

The  results  of  the  Survey  work  in  economic  geology  have  been  pub- 
lished in  a  number  of  different  forms,  which  are  here  briefly  described : 

1.  Papers  and  reports  OA^companying  the  Annual  Report  of  the  Direc- 
tor.— Prior  to  1902  many  economic  reports  were  published  in  the 
royal  octavo  cloth-bound  volumes  which  accompanied  the  Annual 
Report  of  the  Director.  This  form  of  publication  for  scientific  papers 
has  been  discontinued  and  a  new  series,  termed  Professional  Papers, 
has  been  substituted. 

2.  Bulletins. — The  bulletins  of  the  Survey  comprise  a  series  of 
paper-covered  octavo  volumes,  each  containing  usually  a  single  report 

j  or  paper.     These  bulletins,  formerly  sold  at  nominal  prices,  are  now 

distributed  free  of  charge  to  those  interested  in  the  special  subject 
discussed  in  any  particular  bulletin.  This  form  of  publication  facili- 
tates promptness  of  issue  for  economic  results,  and  most  economic 
reports  are  therefore  published  as  bulletins.  Their  small  size,  how- 
ever, precludes  the  use  of  large  maps  or  plates,  and  reports  containing 
large  illustrations  are  therefore  issued  in  the  series  of  Professional 
Papers. 

3.  Professional  Papers. — ^This  series,  paper  covered,  but  quarto  in 
size,  is  intended  to  include  such  papers  as  contain  maps  or  other  illus- 
trations requiring  the  use  of  a  large  page.     The  publication  of  the 
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series  was  commenced  in  1902,  and  the  papers  are  distributed  in  the 
same  manner  as  are  the  bulletins. 

4.  Monographs, — This  series  consists  of  cloth-bound  quarto  vol- 
umes, and  is  designed  to  include  exhaustive  treatises  on  economic  or 
other  geologic  subjects.  Volumes  of  this  series  are  sold  at  cost  of 
publication. 

5.  Geologic  folios. — Under  the  plan  adopted  for  the  preparation  of 
a  geologic  map  of  the  United  States  the  entire  area  is  divided  into 
small  quadrangles  bounded  by  certain  meridians  and  parallels,  and 
these  quadrangles,  which  number  several  thousand,  are  separately 
surveyed  and  mapped.  The  unit  of  survey  is  also  the  unit  of  publi- 
cation, and  the  maps  and  descriptions  of  each  quadrangle  are  issued 
in  the  form  of  a  folio.  When  all  the  folios  are  completed,  they  will 
constitute  a  Geologic  Atlas  of  the  United  States. 

A  folio  is  designated  by  the  name  of  the  principal  town  or  of  a  prom- 
inent natural  feature  within  the  quadrangle.  It  contains  topo- 
graphic, geologic,  economic,  and  structural  maps  of  the  quadrangle, 
and  in  some  cases  other  illustrations,  together  with  a  general  descrip- 
tion. 

Under  the  law  copies  of  each  folio  are  sent  to  certain  public  libraries 
and  educational  institutions.  The  remainder  are  sold  at  25  cents 
each,  except  such  as  contain  an  unusual  amount  of  matter,  which  are 
priced  accordingly. 

Circulars  containing  lists  of  these  folios,  showing  the  locations  of  the 
quadrangle  areas  they  describe,  their  prices,  etc.,  are  issued  from  time 
to  time,  and  may  be  obtained  on  application  to  the  Director  of  the 
United  States  Geological  Survey.  The  following  list  shows  the  folios 
issued  to  date  and  the  economic  products  discussed  in  the  text  of 
each,  the  prodiicts  of  greatest  importance  being  printed  in  italic. 


List  of  geologic  folios 

,  showing  mineral  resources 

described. 

No. 

Name  of  folio. 

State. 

Area 

in 
sq.  m. 

Author. 

Mineral  products  descril)ed 
as   occurring  in   area   of 
folio. 

1 

Livingston 

Mont 

3,354 
9«) 

Iddings,  J.  P.;  Weed, 

wrn. 

Hayes,  C.  W 

Gold,  copper,   clays,   lime, 

stone,  coal. 
Coed,  iron,  manganese,  lime, 

clays,  stone,  road  metal. 
Oold,    copper,    quicksilver, 

chromite,  stone. 
Coal,  iron,  lime,  stone,  road 

?, 

Ring&rold. 

Ga.-Tenn 

3 

Placerville 

Cal 932 

1 
Tenn I  .  969 

Cal 932 

Tenn 975 

Colo 1      932 

Tenn 975 

Coio 465 

Va.-W.   Va.-        925 

Lindgren,    W.;  Tur- 
ner, H.  W. 
Hayes,  C.  W 

4 

Kingston 

5 

Sacramento 

Chattanooga 

Pikes  Peak 

liindgren,  W 

metal,  clay. 
Oold,  copper,  chromite,  iron, 

coal,  stone,  lime,  clay. 
Coal,  iron,  lime,  stone,  road 

6 

Hayes,  C.  W 

7 

Cross,  W 

metal,  clay. 
Gold. 

8 

Sewanee 

Hayes,  C.  W 

Coal,  iron,  lime,  stone,  road 

9 
10 

Anthracite-Crested 

Butte. 
Harpers  Ferry 

Jackson 

Emmons,  S.  F.;  Cross, 

W.;Eldridge,G.n. 

Keith,  A 

metal,  clay. 
Coal,    silver,    gold,    stone, 

lime,  day. 
Iron,  ocher,  copper,  stone, 

road  metal,  iime,  cement, 

rock. 
Gold,  copper,  chromite,  iron, 

manganese,    ocher,    coal, 

stone,  lime,  clay. 

11 

Md. 
Cal 

938 

Turner,  H.  W 

CONTRIBUTIONS   TO   ECONOMIC   C.EOIWiV,  ICOfi.  PART   I. 
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Fiednricksbui^. . 

-1  «^' 

Stauot™ 

i  v„ 

Las-nffak 

..L. 

K"""'"" 

MftrjJiville 

.;  n.i. 

ClBTdand 

.t;;- 

Qadaden 

Downievllle... 


,    marble,    limr- 


Ke     Kfllb,  A... 

SIS     Undgi™, 


Tenn 

,    andrrgroatid   aa- 


J.  A, " 
3S  !  Ltnilgmi, ' 


.    JftwWe,    J 
llrtif .  cci 


Hbtob,  C. 
Slllwrt,  C 


G.  W. 
Llndeieii,  \V . . 

Kidth,  /< 


if.  W,;  Rail-     OoW,   qiiiekHihcr,  copper, 
some,  F.  L.  eliromltci,  lime,  nlone. 

Hill,  R.  T.;  Vaughuii,     Store,  RniviH,  •inderorotiad 


Turner,  H.W 

uS'&.v.^::::.:: 

Campbell,  M.  R 

Dlller,J.S 

Emerson.  B.K 

f/old.  allver,  eoiiK  aUt< 
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List  of  geologic  folios,  showing  mineral  resources  described — Continued. 


No. 

Name  of  folio. 

State. 

Area 

in 
sq.  m. 

Author. 

Mineral  products  described 
as   occurring  m   area  of 
folio. 

fll 

Big  Trees 

Cal 

938 

1,706 
963 
812 

3.234 

3,295 

230 
950 
957 
237 

938 
125 

428 

1,040 

229 

925 
228 

944 

938 
465 

950 

938 
871 
980 
963 

1,030 

944 

986 

986 

1,913 

892 

4.58 

906 

938 
871 

820 

892 
892 
878 
963 

885 

Turner,  H.  W.;  Ran- 
some, F.  L. 
Hague,  A 

Oold,  silver. 

52 

Absaroka 

Wyo 

Silver. 

53 

Standingstone 

Tacoma 

TfiTin  .  . 

Campbell,  M.  R 

Willis,     B.;     Smith, 

G.  0. 
Weed,  W.  H 

Coal,  oil,  lime,  clay. 

M 

Wash 

Coal,  stone,  clay. 

55 

Fort  Benton..: 

Little  BiBlt  Moun- 
tains. 

Telluride 

Mont 

Gold,  silver,  lead,  iron,  gyp- 
sum, coal,  stone,  under- 
ground water. 

Coal,    silver,   lead,   copper. 

58 

do 

Colo 

do 

57 

Cross,  W.;     Puring- 
ton, C.  W. 
IliUs,  R.C 

iron,    sapphires,    mineral 
water. 
Oold,  silver. 

58 

Elmoro ■ 

do 

Coal,     stone,    underground 

m 

Bristol 

Va.-Tenn 

Colo 

Va.-W.  Va.... 
Mich 

Campbell,  M.  R 

Cross,   W.;    Spencer, 
A.  C;    Purington, 
C.  W. 

Darton,  N.  II 

Van  Hise,C.R.;  Bay- 
ley,  W.  S. 

Ransome,  F.  L 

Vaughan,  T.  W 

Tower,  G.W.;  Smith. 

G.    0.;    Emmons, 

S.  F. 
Lindgren,  W 

water. 

Coal,    iron,    zinc,    T)arite, 

60 

La  Plata 

marble,  clay. 
Oold,  silver,  coal. 

61 

Monterey 

Iron,  stone,  clay,  road  metal. 

(y?. 

Menominee  special. 

Mother   Lode    dis- 
trict. 
Uvalde 

Iron. 

as 

Cal 

Gold,    silver,    manganese, 

64 

Tex 

quicksilver,  stone. 
Asphalt,  gold,  silver,  iron. 

a5 

Tintic  special 

Colfax 

Utah 

coal,  und^roand  water. 
Oold,  silver,. lead,  copper. 

66 

Cal 

Gold,  stone,  elay,-water. 

67 

Danville 

Ill.-Ind 

Colo 

Campbell,      M.     R.; 

I-»everett,  F. 
HiUs,  R.C 

Coal,   clay,   gravel,    under- 

68 

Walsenburg 

Huntington 

Washington 

Spanish  Peaks 

Charleston 

ground  wate'r. 
Coal,    stqne,    clay,    under- 

69 
70 

71 

W.  Va.-Ohio. . 
D.  C.-Va.- 
Md. 

Colo 

Campbell,  M.  R 

Darton,       N.       H.; 
Keith,  A. 

IliUs,  R.C 

g'round  water. 

Coal. 

Gold,  iron,  clay,  stone, 
road  materials,  green- 
sand  marls,  underground 
water. 

Coal,  •  stone,    gold,    silver, 

72 

W.  Va 

Oreg 

CampbeU,  M.  R 

Diller,  J.  S..-. 

undei'ground  water. 
Coal,  saJU,  oil,  gas,  iron. 

73 

Coos  Bay 

Coal,  gold,  stone. 

74 

Coalgate. .  . 

Ind.  T 

Tenn 

Tafl.  J.  A 

Coal,  stone,  clay. 

75 

Maynardville 

Austin 

Keith,  A 

Marble',    coal,    stone,   lead, 

76 

Tex 

Hill,  R.T.;  Vaughan, 
T.  W. 

Campbell,  M.  R 

Hayes,  C.  W 

zinc,    lime,    road    mate- 
rials, clay. 
Oil,    stone,   lime,   clay,   ce- 

77 
78 

Raleigh 

Rome 

Atoka 

Norfolk 

Chicago 

Masontown-Union- 

town. 
New  York  City 

Ditney 

W.  Va 

Ga.-Ala 

Ind.  T. 

Va.-N.C 

Ill.-Ind 

Pa 

ment   rock,   underground 

water. 
Coal  ^ 
Bauxite,    iron,    slate,    lime. 

79 

Taff,  J.  A 

Coal,  stone,  clay. 

80 

81 

Darton,  N.  H 

Alden,  W.  C 

Sand,     clay,     underground 
water. 
Stone,  clay,  molding  sand. 

82 

Campbell,  M.R 

Merrill.  F.  J.  H.;Hol- 
lick,    A.;     Darton, 
N.   H.;   Willis,   B., 
Salisbury,    R.    D.; 
Dodge,  R.  E.;  Pres- 
sey,  H.  A. 

Fuller,   M.   L.-   Ash- 
ley, G.  II. 

Darton,  N.  H 

Smith,  G.  0 

water. 
Coal,  oil,  clay,  stone,  glass 

83 

84 

N.Y.-N.J  .... 
Ind 

sand,  iron.' 
Marble,  granite,  road  mate- 
rial, clay,iron,  water. 

Coal,  gas,  clay,  stone,  iron. 

85 

Oelrichs 

S.  Dak.-Nebr. 
Wash 

Stone,   gypsum,   lime,   vol- 

86 

Ellensburg 

canic    ash,    underground 
water. 
Building  stone,  road  metal. 

87 

Cajnp  Clarke 

Scotts  Bluff 

Nebr 

Darton,  N.  H 

do 

underground  water. 
Volcanic  ash. 

88 

...  .do 

Do. 

89 

Port  Orford 

Cranberry 

Oreg 

Diller,  J.  S 

Coal,  gold,  platinum. 

90 

Tenn 

Keith,  A 

Mica,  gold,  brick  clay,  iron 

91 

Hartville 

Wyo 

Smith,  W.  S.  T 

ore. 
Iron     ore,     copper,     lime. 

1      building    stone,  gypsum, 
fire  clay. 

12 


CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,  1906,  PART   I. 


List  of  geologic  foHoSf  shomng  mineral  resources  de9cribed — Continued. 


No. 

92 

93 
94 

95 

96 

97 

98 

99 

100 

101 


Name  of  folio. 


Gaines. 


State. 


Ellcland-Tioga. .... 
Brownsville  -  Con-  i 

nellsviile. 
Columbia 


OUvet 

Parker 

Tishomingo . 
Mitchell.... 
Alexandria. 
San  Luis... 


Pa.-N.Y 
Pa 


Area 

in 
sq.  m. 


.\iithor. 


102 

103 

104 
ia5 

106 

107 

108 

109 
110 

111 

112 

113 
114 
115 
116 

117 
118 

119 
120 

121 


122 
123 


124 


Indiana . 
Nampa. 


....do. 
Tenn . . 
S.  Dak. 

do. 

Ind.  T. 
S.  Dak 

do. 

Cal.... 


223 

445 
457 

91)9 


Fuller,  M.  L.;  Alden. 
W.  C. 

do 

Campl>oll,  M.  K 


I 


871 

9m  I 

863  ' 
863  I 
975  i 


Hayes,    C.    W.;    11- 

rich.  E.  (). 
Todd.  J.  K 

do 

TalT,  J.  A 

Todd.  J.  E 

Todd. J. E.:  Hall, CM 

Fairbanks,  II.  W 


Silver  City. 
Patoka 


Pa.... 
Idaho . 


237  I  Richanison.  C.  B. 


Mount  Stuart. 
Newcastle 


do.. 

Ind. -Ill 


871 


Lindgrrn,  \V.;  Drako, 

N.F. 

do 

Fuller,  M.  L.:  Clupp, 

F.  G. 


Wash. 


805  j  Smith,  (;.  () 


Edgemont 

Cottonwood  Falls. 
Latrobe 


Wyo.-S.  Dak.       8^ 


Nebr.-S.  Dak. 

Kans 

Pa 


Globe I  .\riz 


Bisbee ' do . 


Huron 

DeSmet 

Kittanning. 
Asheville. .. 


Cassellton- Fargo . 
Greeneville 


Fayetteville. 
Silverton . . . 


S.  Dak 

do 

Pa 

N.  C.-Tenn... 

N.  Dak.-Minn. 
Tenn.-N.  C. .. 


871 

9:i8 
228 

249 

170 

857 
857 
226 
969 

1,640 
963 


Darton,  N.  H 


Mo.-Ark 963 

Colo 236 


Waynesburg Pa . 


Tahlequah. . . 
Elders  Ridge. 


Mount  Mitchell. 


Ind.  T.-Ark. 
Pa 


N.C. 


229 


969 
227 


969 


Darton,N.H.;  Smith.  ' 
W.  S.  T. 

Prosser,  C.  S.;  Beodo, 

J.  W. 
Campbell,  M.  R ' 


Ransome,  F.  h. 


.do. 


Todd,  J.  E 

Todd,  J.  E.;  Hall, CM. 
Butts,C.;  Leverett,F. 
Keith,  A 


Hall,  C  M.;  Willard, 

D.  E. 
Keith,  A 


Adams,  G.  I.;  Ulrich, 

E.  O. 
Cross,  W.;  Howe,  E.; 

Ransome,  F.  L. 

Stone,  R.  W 


Taff,  J.  A.... 
Stone,  R.  W, 


Keith,  A . 


Mineral  proiiiiets  deflciil>ed 
a.s   occurring   in   area^of 

folio. 


Oil,  coal. 

Flagstone,  lime,  gravels. 
Coai,  natunil  ga«. 

Phosphate,  in)u. 

Granite,  lime,  quartzite.  un- 
derground water. 

Quartzite,  chalk,  cement 
rock,  underground  water. 

(iranite.  lime,  building  Ftone 
clay. 

Vndfrground  water,  sand- 
stone, chalkst<me. 

Vnderground  water,  quartz- 
ite,  sandstone,  chalkstone. 

Bituminous  rock,  building 
stone,  road  metal,  chrome 
iron,  hematite,  manga- 
nese, ])umice,  infusonal 
earth. 

Coal,  gas,  Are  clay,  brick 
clay,  builaing  stone. 

Gold,  coal,  opals,  building 
stone. 

Gold,  silver,  coal,  opals 

Coal,  gas,  oil,  aspnalt,  fire 
clay,  brick  clay,  building 
stone,  gravel. 

Gold,  copper,  silver,  nickel, 
quicksilver,  coal,  stone, 
road  metal. 

Coal,  petroleiun,  gypsum, 
Ijentonite,  salt  f)rine8, 
stone,underground  water. 

Water,  coal,  gj'psum,  stone, 
grindstones,  undeiground 
water. 

Building  stone,  clay,  road 
metal. 

Coal,  natural  gas,  building 
stone,  glass  sand.,  paving 
blocks,  ballast,  lime,  salt, 
fire  clay. 

Gold,  silver,  copper,  lead, 
lime,  building  stone,  un- 
derground waier. 

Copper,  pold,  lead,  clay,  sil- 
ica, building  stone,  under- 
ground water. 

Building  stone,  clay,  sand, 
gravel,  underground  water. 

Clay,  sand,  gravel,  imder- 
ground  water. 

Coal,  oil,  gas,  clay,  lime, 
iron,  builaing  stone,  sand. 

Talc,  soapstone,  barite,  co- 
rundum, garnet,  magnet- 
ite, iron,  marble. 

Underground  water. 

Marble,  building  stone,  road 

metal,    iron,    lime,    brick 

clay. 
Clay,  building  stone,  lime, 

coal. 
Gold,    silver,    copper,    lead, 

zinc,  iron,  lime,  building 

stone. 
Coal,  gas,  o«7,building  stone, 

lime,    clay,    iron,    imder- 

ground  water. 
Building  stone,  lime,  clay. 
Coal,  gas,  oil,  building  stone, 

lime,  fije  clay,  stoneware 

clay. 
Soapstone,  tatc,  mica,  pre- 
cious   stones,   corundum, 
fraphite,  iron,  chromlte, 
uilding  stone,  lime,  brick 

clay. 
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List  of  geologic  folios,  showing  mineral  resources  described — Continued. 


No. 


125 
126 

127 

128 
129 
130 


Name  of  folio. 


Rural  Valley . 


Bradshaw     Moun- 
tains. 

Sundance 


Aladdin . 
Clifton.. 
Rico 


131     Needle  Mountains. 


132 
133 

134 

135 

136 

137 

138 

130 

140 

141 

142 

143 


Muscogee.. 
Ebensburg. 


Beaver 

Nepesta 

St.  Marys . . 

Dover 

Redding 

Snoqualmie , 
Milwaukee. . 


Bald       Mountain- 
Dayton. 

Cloud    Peak  -  Fort 
McKinney. 

Nantahala 


State. 


Pa.. 
Ariz, 


Wyo.-S.  Dak 


Wyo.-S.Dak. 

Mont. 
Ariz 


Colo. 


.do. 


Area 

in 
sq.  m. 


Ind.  T. 
Pa 


do 

Colo 

Md-Va 

Del.-Md.-N.J. 

Cal 

Wash 

Wis 


Wyo 

. .  .do 

N.  C.-Tenn. 


226 
d86 

857 

894 
250 
236 

236 

969 
228 

227 

938 

938 

925 

906 

812 

219 

1,699 

1,713 

975 


Author. 


Butts,  C 

Jaggar,  T.  A.,  jr.;  Pa- 
lache,  C. 

Darton,  N.  H 

Darton,N.H.;  O'Har- 

ra,  C.  C. 
Lindgren,  W 

Cross,   W.;   Spencer, 

A.  C;     Ransorae, 
F.  L. 

Cross,  W.;  Howe,  E.; 
Irving,  J.  D.;  Em- 
mons, W.  H. 

Taff,  J.  A 

Butts,  C 

Woolsey,  L,  H 

Fisher,  C.  A 

Shattuck,  G.  B . ;  Miller, 

B.  L. 

Miller,  B.L 

Diller,  J.  S 

Smith,  G.  O.;  Calkins, 

F   C 
Chamberlin,  T.  C;  Al- 

den,  W.  C. 

Darton,  N.  H.;  Salis- 
bury, R.  D. 

do 

Keith,  A 


Mineral  products  described 
as  occurring  in  area  of 
folio. 


CocU,  oil,  gas,  fire  clay,  iron 
ore,  lime,  building  stone. 

Oold,  silver,  copper,  iron, 
building  stone,  onyx  mar- 
ble 

Gold,  tin,  silver,  lead,  coal, 
gypsum,  bentonite,  under- 
ground water, 
underground    water,    coal, 
gypsum,  lime. 

Copper,  iron,  lead,  gold, 
kaolin. 

Oold  silver,  zinc,  lead,  build- 
ing stone,  lime. 

Gold,  silver. 


Oil,  coal. 

Coal,  clay,  shale,  building 
stone,underground  water. 

Clay,  coal,  oil,  gas,  building 
stone. 

Cement,  iron  ore,  oil,  gas, 
gravel. 

Clay,  gravel,  underground 
water. 

Clay,  marl,  gravel,  under- 
ground water. 

Copper,  gold,  silver,  iron, 
clay,  lime,  stone. 

Coal,  iron,  gold,  quicksilver 
copper. 

Stone,  lime,  cement,  clay, 
gravel,  underground  wa- 
ter. 

Coal,  gold,  copper,  gypsum, 
stone,  phosphate,  under- 
ground water. 

Coal,  gold,  copper,  g3rpsum, 
stone,  phosphate,  asphalt, 
underground  water. 

Marble,  talc,  kaolin,  soap- 
stone,  mica,  corundum, 
iron,  gold. 


6.  Mineral  Resources.— From  1883  to  1894,  inclusive,  an  octavo 
cloth-bound  volume  bearing  the  above  title  was  issued  annually,  except 
that  the  reports  for  the  years  1883-84  and  1889-90  were  included  by 
pairs  in  single  volumes.  The  first  of  this  series  was  Mineral  Resources 
of  the  United  States,  1882;  the  last.  Mineral  Resources  of  the  United 
States,  1893.  In  1894  this  form  of  publication  was  discontinued,  in 
accordance  with  an  act  of  Congress,  and  the  statistical  material  was 
included  in  certain  parts  of  the  sixteenth,  seventeenth,  eighteenth, 
nineteenth,  twentieth,  and  twenty-first  annual  reports.  The  separate 
publication  of  the  series  on  mineral  resources  was  resumed,  however, 
in  1901,  in  accordance  with  an  act  of  Congress,  and  six  volumes  of  the 
new  series.  Mineral  Resources  of  the  United  States  for  1900,  for  1901, 
for  1902,  for  1903,  for  1904,  and  for  1905,  have  been  issued. 

This  publication  contains  a  systematic  statement  of  the  production 
and  value  of  the  mineral  products  of  the  United  States,  a  summary  of 
new  mineral  resources  developed,  and  short  papers  on  economic  geol- 
ogy when  these  are  necessary  to  account  for  the  new  developments. 


INVESTIGATIONS  OF  METALLIFEROl'S  ORES. 


By  S.  F.  Emmons,  (ifoloyittt  in  ('hunje. 


ECONOMIC  PUBLICATIONS  OF  THE  YEAR. 

Dxiring  the  year  the  following  publications  on  subjects  connected 
with  the  investigation  of  metalliferous  ores  within  the  United  States 
proper  have  been  issued  by  the  Survey: 

Professional  Papers: 

No.  54.  Geology  and  gold  deposits  of  ('ripple  (Veek  district,  Colonido,  hy  Walde- 
mar  Lindgren  and  F.  L.  Ransome. 

No.  55.  Ore  deposits  of  SU\er  Peak  quadrangle,  Nevada,  l)y  .1.  K.  Spurr. 

No.  57.  Geologj'^  of  the  Marysville  mining  diistriet,  Montana,  l)y  Josepli  J^arrell. 
Bulletins: 

No.  293.  Reconnaissance  of  gold  and  tin  deiK)sits  of  the  southern  Appalachians, 
by  L.  C.  Graton,  with  notes  on  the  Dahlonega  mines  l>y  W'aldemar  Lind- 
gren. 

No.  294.  Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley,  })y  H.  F.  Bain. 

No.  303.  Preliminary  report  on  Goldfield,  Bullfrog,  and  other  mining  districts  of 
southern  Nevada,  by  F.  L.  Ransome,  G.  H.  Garrey,  and  W.  II.  Emmons. 

No.  308.  Geological  reconnaissance  in  southwestern  Nevada  and  eastern  (Cali- 
fornia, by  S.  H.  Ball. 

No.  312.  Interaction  between  minerals  and  water  solutions,  with  special  refer- 
ence to  geologic  phenomena,  by  E.  C.  Sullivan. 

Bulletin  No.  312,  though  not  directly  the  residt  of  geological  field 
work,  has  an  important  bearing  thereon,  in  that  it  is  a  chemical  inves- 
tigation of  some  of  the  problems  that  come  up  most  frequently  in  the 
study  of  the  origin  of  ore  deposits. 

REPORTS  FOR  WHICH  FIELD  WORK  HAS  BEEN  COMPLETED,  BUT 

WHICH  HAVE  NOT  YET  BEEN  ISSUED. 

Economic  geology  of  the  Georgetown  quadrangle  (together  with  th(i  Empin?  district), 
Colorado,  by  J.  E.  Spurr  and  G.  H.  Garrey,  with  a  chapter  on  geology  by  S.  H.  Ball. 

Copper  deposits  of  the  Butte  district,  Mcmtana,  by  W.  II.  Weed. 

Economic  geology  of  the  Park  City  mining  district,  L'tah,  by  J.  M.  Boutwell  and 
Lester  H.  Woolsey. 

Ore  deposits  of  the  Coeur  d'Alene  district,  Idaho,  by  F.  L.  Ransome  and  F.  C. 
Calkins. 

Resurvey  of  the  Leadville  mining  district,  Colorado,  by  S.  F.  Emmons  and  J.  D. 
Irving. 

The  Neocene  auriferous  gravels  of  the  Sierra  Nevada,  by  Waldemar  Lindgren. 

Geology  and  ore  deposits  of  the  Franklin  Furnace,  New  Jersey,  quadrangle,  by  A.  C. 
Spencer. 
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Unexpected  and  unavoidable  delays  in  the  preparation  of  these 
reports  have  been  caused  by  the  resignation  or  illniess  of  the  authors. 
Messrs.  Spurr,  Garrey,  and  Weed  have  resigned  their  positions  on  the 
Survey  to  accept  more  remunerative  positions  with  private  corpora- 
tions, and  Messrs.  Ransome,  Boutwell,  and  Emmons  have  been  inca- 
pacitated for  work  for  several  months  by  illness.  These  causes  have 
also  very  seriously  curtailed  the  field  work  during  the  last  season. 

FIELD    WORK. 
GENERAL   DISCUSSION. 

An  important  part  of  the  economic  investigation  of  metalliferous 
ores  during  the  year  has  been  the  personal  supervision  and  direction 
of  that  part  of  the  work  of  the  division  of  mineral  resources  that  has 
to  do  with  metals  other  than  iron.  As  has  already  been  outlined  in 
previous  bulletins,  this  work  has  been  put  under  the  personal  direc- 
tion of  Waldemar  Lindgren,  who,  in  training  various  assistants  to 
carry  out  its  details,  has  found  it  necessary  to  spend  the  greater 
part  of  the  field  season  in  collecting  and  properly  differentiating  the 
statistics  of  gold  and  silver.  Similar  supervision  and  summing  up 
of  the  statistics  of  copper  has  been  placed  in  charge  of  L.  C.  Graton 
and  those  of  lead  and  zinc  in  charge  of  J.  M.  Boutwell.  This  work 
comprises  more  than  a  mere  compilation  of  figures  furnished  by 
others  to  show  production.  It  involves  the  tracing  of  the  metals  back 
to  their  various  sources  and  the  verification,  by  comparison  and  anal- 
ysis, of  the  necessarily  varying  results  obtained  by  different  lines  of 
investigation.  More  than  that,  its  object  is  to  gather  at  the  same 
time  such  geological  data  as  will  enable  the  geologists  in  charge  of  the 
respective  branches  of  the  work  to  prepare  an  annual  review  of  the 
production  and  prospects  of  the  different  metals  in  their  geological  as 
well  as  their  technical  and  commercial  relations,  and  thus  to  provide 
data  for  an  intelligent  forecast  of  the  progress  of  the  industries  in- 
volved and  of  the  direction  it  is  likely  to  take. 

The  regular  work  in  the  field  of  metalliferous  investigations  has 
been  thus  curtailed  by  the  time  necessarily  devoted  to  the  above 
purposes ;  also  by  that  lost  during  the  field  season  through  the  illness 
of  three  important  members  of  the  corps,  and  by  the  loss,  through 
resignation,  of  the  services  of  three  other  members.  The  increasing 
exodus  of  members  of  the  economic  force  of  the  Survey  in  conse- 
quence of  their  employment  by  large  mining  organizations  at  sala- 
ries much  greater  than  those  they  have  been  receiving  from  the 
Government  seriously  impairs  the  efficiency  of  the  work  of  this  branch 
of  the  Survey.  It  is  only  by  years  of  practical  experience  in  the 
field  that  the  geologist,  however  excellent  his  preliminary  training, 
becomes  competent  to  carry  on  independent  work  in  investigating  a 
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mining  district,  and  the  loss  of  trained  men  in  this  work  is,  for  a 
time,  irreparable.  Since  the  force  available  has  l)een  thus  greatly 
reduced,  the  field  work  carried  on  during  the  last  seast>n  has  been 
very  largely  in  the  nature  of  reconnaissance  work  and  has  l>een  con- 
fined to  the  Rocky  Mountain  region.  It  will  be  described,  as  here- 
tofore, by  States  and  Territories. 

ARIZONA. 

In  Arizona  Mr.  Ransome  commenced  in  October  a  special  study  of 
the  Tombstone  district,  a  once  famous  silver  district  that  has  been 
reopened  in  the  last  few  ^^ears  after  a  long  period  of  idleness.  By 
the  end  of  the  month  he  had  completed  a  preliminary  reconnaissance 
of  the  district  and  started  for  Nevada,  where  there  is  an  ovenvhelm- 
ing  demand  for  geological  examinations  of  many  new  districts  that 
are  constantly  springing  into  existence;  but  while  examining  a 
geological  section  on  the  walls  of  the  Grand  Canyon  of  Colorado 
River  the  drum  of  his  ear  was  accidentally  punctured  by  a  twig. 
What  was  first  thought  to  be  a  trivial  injur}^  proved  later  to  be  so 
serious  that  he  was  obliged  to  sul)mit  to  a  surgical  operation,  and 
spent  several  months  in  a  hospital,  where  he  still  remains,  incapaci- 
tated for  work. 

CALIFORNIA. 

In  California  L.  C.  Graton  has  been  occupied  during  the  summer 
in  a  special  and  detailed  study  of  several  important  copper  districts 
on  both  sides  of  the  Sacramento  Valley  in  Shasta  County.  These 
occur  in  the  highly  metamorphosed  rocks  that  characterize  the  west- 
ern slope  of  the  Sierra  Nevada  and  present  a  highly  intricate  geologi- 
cal problem.  During  a  rather  short  field  season  he  has  been  able  to 
complete  the  study  of  only  one  of  these  areas — the  Bully  Hill  dis- 
trict— a  report  on  which  will  be  prepared  for  publication  during  the 
present  office  season.  Work  on  the  other  districts  will  be  resumed 
in  the  coining  summer.  Owing  to  the  pressure  of  his  other  work, 
Mr.  Graton  has  been  unable  to  prepare  an  abstract  of  this  report  for 
the  present  bulletin. 

COLORADO. 

In  the  San  Juan  region,  as  an  adjunct  to  the  work  being  carried  on 
under  Whitman  Cross,  L.  II.  Woolsey  made  a  reconnaissance  exami- 
nation  of  mines  in  the  Lake  Fork  quadrangle,  whose  deposits  con- 
stitute the  eastern  continuation  of  those  in  the  Silverton  quadrangle, 
already  described. 

In  Boulder  County,  near  the  mining  town  of  Eldora,  Waldemar 
Lindgren  made  an  examination  of  an  interesting  group  of  thin  veins 
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carrying  wolfram,  or  the  tungstate  of  iron,  which  now  constitute  one 
of  the  most  important  sources  of  tungsten  in  this  country. 

In  the  course  of  an  areal  survey  of  the  coal  lands  to  be  rendered 
available  by  the  new  Moffat  railroad,  in  and  about  the  valleys  of  the 
White  and  Yampa  rivers,  Hoyt  S.  Gale  has  examined  some  new 
deposits  of  the  uranium-  and  vanadium-bearing  mineral,  camotite, 
which  occur  in  the  upturned  Dakota  sandstones  east  of  the  coal 
basins  in  Rio  Blanco  County.  These  deposits  are  extremely  impor- 
tant as  a  further  possible  source  of  the  new  metal,  radium.  Brief 
reports  giving  the  results  of  the  three  reconnaissances  mentioned 
above  are  included  in  this  bulletin. 

MONTANA. 

An  areal  geological  survey  of  the  Philipsburg  quadrangle,  which 
covers  30  minutes  of  latitude  and  longitude,  has  been  carried  on  dur- 
ing the  last  summer  under  the  direction  of  F.  C-  Galkins.  W.  H.  Em- 
mons was  detailed  to  make  an  economic  examination  of  this  area, 
which  contains  numerous  important  ore  deposits.  During  the  sum- 
mer he  completed  a  field  study  of  the  two  most  important  deposits 
of  the  region — that  worked  by  the  Granite-Bimetallic  mine,  which  is 
a  typical  vein  deposit,  producing  silver,  and  that  worked  by  the 
Gable  mine,  which  is  an  auriferous  contact  deposit  in  limestone  sur- 
rounded by  granite.  A  preliminary  report  on  these  two  mines  is 
given  in  this  bulletin. 

NEVADA. 

Early  in  the  summer  the  writer  visited  the  new  copper  district  at 
Ely,  Nev.,  which  promises  to  become  one  of  the  greatest  producers  of 
copper  in  that  portion  of  the  country.  A  railroad  140  miles  long  was 
building  to  develop  the  district,  and  large  concentrating  and  smelting 
plants  were  planned  to  treat  the  low-grade  disseminated  copper  ores 
in  porphyry  that  have  been  proved  to  exist  there  in  large  quantities. 
Preliminary  geological  reports  on  the  district  have  already  been  pub- 
lished in  a  scientific  periodical,  and  the  writer's  visit  was  made  simply 
to  determine  the  area  that  should  be  included  in  a  topographical  map 
that  will  serve  as  a  basis  for  the  special  geological  study  of  the  district. 
The  topographical  survey  has  since  been  completed,  and  it  is  hoped 
that  it  will  be  possible  during  the  coming  season,  when  the  mines  shall 
be  actually  working,  to  make  an  exhaustive  examination  of  the  geol- 
ogy and  ore  deposits  of  the  district. 

It  has  been  planned  that  Mr.  Ransome  should  make  a  final  exam- 
ination of  the  Goldfield,  Bullfrog,  Rhyolite,  and  neighboring  districts  in 
southwestern  Nevada,  in  the  light  of  the  latest  mining  developments, 
before  publishing  his  report  on  this  region.     When  it  was  learned  that 
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Mr.  Ransome's  accident  had  incapacitated  him  for  further  field  work 
this  season,  W.  H.  Enmions  was  sent  to  the  repon  after  he  had  com- 
pleted his  field  work  in  Montana,  and  is  now  stiidyinji:  the  geology  of 
the  region  at  and  near  Rhyolit^.  As  soon  as  he  is  ahle  Mr.  Kansome 
will  resume  his  field  work  in  Nevada,  and,  it  is  hoped,  will  complete 
the  report  upon  this  region  hefore  the  opening  of  the  new  field  season. 
Under  the  circumstances  no  abstract  of  this  report  has  hem  possible. 

OREGON. 

In  connection  with  areal  work  in  western  Oregon,  G.  F.  Kay  has 
made  a  new  examination  of  the  interesting  deposits  of  silicate  of  nickel 
near  Riddles,  an  account  of  which  appears  in  this  bulletin.  These 
deposits  have  heretofore  excited  considerable  interest  because  of  their 
close  mineralogical  and  geological  resemblance  to  the  famous  deposits 
of  New  Caledonia,  which,  up  to  comparatively  recent  times,  have  fur- 
nished a  large  proportion  of  the  world's  production  of  nickel. 

The  deposits  are  evidently  of  secondary  origin,  but  have  not  yet 
been  found  in  bodies  sufficiently  large  to  be  of  great  economic  value. 
There  seems  to  be,  however,  no  good  reason  why  exploration  may  not 
develop  ore  in  amounts  large  enough  to  constitute  a  profitable  source 
of  the  metal,  but  such  discovery  is  rather  the  work  of  the  prospector 
than  of  the  geologist,  since  in  a  region  so  highly  altered  it  is  only  by 
actual  mine  openings  that  the  localities  of  ore  concentration  can  be 
detected. 

UTAH. 

During  the  last  summer  the  writer  was  engaged  for  a  few  weeks  in 
studying  the  geological  structure  of  the  western  Uinta  Mountains, 
especially  of  the  region  around  Duchesne  River,  on  the  southern  flanks 
of  the  range — an  area  that  once  formed  part  of  the  Indian  reserva- 
tion but  has  recently  been  th^ow^l  open  to  occupation  as  mineral  land. 
Deposits  of  iron  ore  of  good  quality  and  size,  as  well  as  small  amounts 
of  other  metals,  have  long  been  known  to  exist  in  this  region,  but  no 
deposit  of  great  economic  value  has  yet  been  found.  The  range  is 
remarkable  for  the  entire  absence  of  igneous  rocks,  the  only  known 
occurrence  of  which  are  late  intrusive  sheets  in  the  Mesozoic  beds 
along  the  Provo  Valley,  at  the  extreme  western  end  of  the  range.  All 
the  important  deposits  of  metals  except  the  lead  and  zinc  deposits  of 
the  Mississippi  Valley  are  found  in  regions  that  are  traversed  by  igne- 
ous rocks,  and  for  this  reason  the  Uinta  Mountains  can  hardly,  on 
theoretical  grounds,  be  considered  a  very  favorable  locality  for  the 
occurrence  of  these  or  the  more  valuable  metals.  The  result  of  the 
writer's  visit  was  negative,  since  he  found  no  evidence  of  any  con- 
siderable mineralization. 
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WASHINGTON. 

During  the  last  season  A.  J.. Collier  has  been  occupied,  by  order  of 
the  Secretary  of  the  Interior  and  in  association  with  an  officer  of 
the  Land  Office,  in  examining  placer  lands  on  the  Golville  Reservation 
and  along  the  Columbia  and  Sanpoil  rivers,  for  the  purpose  of  deter- 
mining whether  certain  placer  locations  were  taken  up  in  good  faith. 
He  has  utilized  the  geological  information  obtained  during  this  work 
for  an  article  on  the  geological  relations  of  the  placer  mines  of  that 
region,  which  will  be  found  in  this  bulletin. 

WYOMING. 

During  an  examination  of  the  important  iron-ore  deposits  near 
Hartville,  in  Wyoming,  S.  H.  Ball  has  made  some  studies  of  the 
copper  deposits  that  were  worked  in  this  region  before  the  iron  ore 
became  valuable.  These  are  of  rather  unusual  form,  and  Mr.  Ball's 
description,  which  appears  in  this  bulletin,  will  be  interesting  to  stu- 
dents of  copper  deposits. 

In  connection  with  an  examination  of  the  coal  basins  in  the  western 
part  of  Wyoming,  A.  R.  Schultz  has  made  a  study  of  gold-placer 
deposits  along  upper  Snake  River  and  some  comparative  investiga- 
tions of  placers  on  the  same  river  in  the  western  part  of  Idaho.  These 
placers  are  highly  interesting  because  of  the  extremely  minute  parti- 
cles in  which  the  gold  is  foimd — so  minute  that  they  evidently  must 
have  suffered  an  immense  amount  of  trituration  during  the  very  long 
journey  from  their  original  source  in  the  rocks.  Mr.  Schultz's  article 
gives  an  account  of  the  various  attempts  to  work  these  placers  and 
the  results  of  tests  of  the  black  sands  collected  during  the  work,  which 
show  the  character  of  the  various  heavy  minerals  associated  with  the 
gold. 


INVESTIGATIONS  OF  IRON  ORES,  STRUCTURAL 

MATERIALS,  ETC. 


By  Edwin  (\  ErKEL,  Ucolotjisl  in  Charge. 


INTRODUCTION. 

During  the  last  year  the  Survey  lias  carried  on  extensive  inve43tiga- 
tions  in  the  field  included  in  the  work  of  this  section.  Some  of  these 
investigations  are  summarized  in  this  bulletin,  but  a  large  amount  of 
economic  work  of  this  kind  has  been  done  in  connection  with  the  ordi- 
nary areal  work  of  the  Survey,  and  its  results  appear  only  in  texts 
accompanying  geological  folios. 

IRON,  MANGANESE,  AND  ALUMINUM  ORBS. 

IRON. 

Southern  States. — The  Survey's  work  on  southern  iron  ores  was  car- 
ried out  in  1906,  as  in  previous  years,  under  the  direct  charge  of  the 
writer.  With  E.  F.  Burchard,  a  detailed  study  of  the  Clinton  or 
red  ores  of  the  Birmingham  district  was  taken  up  and  practically  com- 
pleted within  the  field  season.  The  large  amoimt  of  data  generously 
placed  at  our  disposal  by  the  iron  companies  of  the  district  will  give 
the  final  report  on  this  subject  peculiar  value  and  will  enable  us  to 
make  a  fairly  complete  report  on  the  iron  ores  and  iron  industry  of  the 
most  important  iron  district,  aside  from  Pittsburg,  in  the  United 
States.  In  the  present  bulletin  Mr.  Burchard  has  discussed,  briefly, 
the  more  important  facts  relative  to  the  Birmingham  red  ores. 
The  present  status  of  Survey  work  on  the  iron  ores  of  Alabama  may 
therefore  be  summarized  as  follows: 

Commercial,  geographical,  and  geological  differences  permit  the  sep- 
aration of  the  iron  ores  of  Alabama  into  six  groups — 

1.  The  Clinton,  red,  or  fossil  ores  of  the  Birmingham  district,  includ- 
ing ores  occurring  in  the  territory  tributary  to  Birmingham  from 
Springville  south  through  Birmingham  to  the  southernmost  outcrop 
of  red  ore. 
20 
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2.  The  red  ores  of  northern  Alabama,  including  ores  in  territory 
tributary  to  Chattanooga,  Attalla,  and  Gadsden. 

3.  The  gray  hematites  of  Talladega  and  adjoining  counties  in  east- 
em  Alabama. 

4.  The  brown  ores  of  the  Russell ville  district  in  northwestern 
Alabama. 

5.  The  brown  ores  of  the  Woodstock  district,  mostly  in  eastern  Tus- 
caloosa County. 

6.  The  brown  ores  of  eastern  Alabama,  occurring  in  a  belt  extend- 
ing from  the  Georgia  State  line,  near  Rock  Run,  southwestward 
through  the  Coosa  Valley  country  to  near  Brierfield. 

During  the  last  three  years  the  United  States  Geological  Survey  has 
carried  out  more  or  less  detailed  work  in  all  of  these  districts.  The 
present  bulletin  contains  reports  on  the  red  ores  of  the  Birmingham 
district,  the  Russellville  brown  ores,  and  the  Talladega  County  gray 
ores.  Preceding  bulletins  of  this  series  have  contained,  as  noted  in 
the  bibliography  on  pages  213-214,  reports  on  the  red  ores  of  north- 
em  Alabama  and  on  the  Woodstock  brown  ores.  Work  on  the  brown 
ores  of  eastern  Alabama  has  been  carried  on,  but  the  results  are  not 
yet  ready  for  pubhcation. 

So  far  as  final  publications  are  concerned,  a  detailed  report  on  the 
*'Iron  ores  and  iron  industry  of  the  Birmingham  district,^^  by  E.  C. 
Eckel  and  E.  F.  Burchard,  will  be  submitted  for  publication  as  a 
Survey  bulletin  in  the  spring  of  1907.  The  maimer  in  which  the 
other  districts  of  the  State  will  be  handled  has  not  yet  been  decided. 

In. Tennessee  and  Georgia  work  has  also  been  carried  on  by  the 
Survey  on  both  the  red  and  brown  ores,  and  it  is  planned  to  complete 
certain  sections  of  this  work  during  1907. 

In  Virginia  work  has  also  been  taken  up  on  the  iron  ores,  but  for 
several  reasons,  notably  the  lack  of  good  topographic  base  maps,  no 
attempt  has  been  made  to  push  it  to  the  point  of  final  publication. 

Considered  from  either  an  industrial  or  geologic  point,  the  iron  ores 
of  Virginia  fall  into  six  groups: 

1.  Magnetites  and  specular  hematites  of  the  Blue  Ridge  and  Pied- 
mont districts. 

2.  Bed  hematites  (Clinton  ores,  *' fossil  ores,^'  *' oolitic  ores'O  of  the 
foothills  of  the  Allegheny  Mountains. 

3.  Brown  hematites  (Oriskany  ores)  of  the  Goshen-Longdale-Oris- 
kany  district,  mostly  in  Augusta,  Bath,  Botetourt,  Alleghany,  and 
Craig  counties. 

4.  Brown  hematites  of  the  New  River-Cripple  Creek  district, 
mostly  in  Wythe  and  Pulaski  counties. 

5.  Brown  hematites  of  the  Roanoke,  Shenandoah,  and  Page 
valleys. 
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6.  Brown  hematites  (*' gossan  ores*')  of  Caixoll  and  Floyd  counties. 

During  1905  and  1906  detailed  field  work  was  done  on  the  ores 
of  classes  3  and  4;  the  ores  of  class  2  were  examined  in  less  detail 
at  several  localities  in  1905,  while  on  those  of  classes  1,  5,  and  6  no 
field  work  was  done.  It  is  planned  to  comjJete  the  work  during  1907 
by  examinations  of  the  ore  deposits  not  yet  visited. 

Pennsylvania 'New  Jersey. — A.  C.  Spencer  has  for  some  time 
been  engaged  in  a  very  detailed  study  of  the  iron,  zinc,  and  man- 
ganese deposits  of  the  Franklin  Furnace  district  of  New  Jersey.  In 
connection  with  this  work  he  examined  a  number  of  magnetite 
deposits  elsewhere  in  New  Jersey  and  in  New  York,  and  has  formu- 
lated theories  of  occurrence  and  origin  which  seem  to  have  an  impor- 
tant bearing  on  the  future  development  of  these  ores.  The  explora- 
tory work  so  far  done  by  mining  companies  has  been  of  a  rather 
haphazard  nature,  based  on  no  definite  working  theor}\  It  is  hoped 
that  the  publication  of  Mr.  Spencer*s  report  will  supply  the  pros- 
pector and  miner  with  data  wliich  will  serve  as  a  guide  both  in  locating 
and  valuing  the  deposits. 

At  the  close  of  work  in  the  New  Jersey  area  Mr.  Spencer  took  up 
the  study  of  the  important  and  extensive  magnetite  deposits  which 
occur  near  the  Triassic  border  in  soutliwestem  Pennsylvania.  An 
introductory  report  on  these  magnetites  of  the  Cornwall  type  is 
included  in  the  present  bulletin. 

Western  States, — Two  distinct  fields  of  work  have  been  entered 
upon  by  the  Survey  in  its  investigation  of  western  iron  ores.  S.  H. 
Ball  spent  most  of  the  field  season  of  1906  in  examining  an4  map- 
ping the  important  Hartville  iron-ore  district  of  Wyoming.  A 
brief  preliminary  report  on  the  results  of  tliis  work  is  included  in  the 
present  bulletin,  and  a  special  bulletin  on  the  subject  will  be  pub- 
lished by  the  Survey  during  1907.  At  the  close  of  this  work  Mr.  Ball 
made  brief  examination  of  the  titaniferous  iron  ores  of  Iron  Moun- 
tain, Wyoming,  a  report  on  which  is  presented  later  in  this  bulletin. 

In  Utah  C.  K.  Leith  and  assistants  carried  out  very  detailed 
mapping  of  important  iron  deposits,  and  tlie  Survey  will  probably 
publish  the  results  of  this  work  in  a  separate  bidletin  during  1907. 

MANGANESE. 

As  most  of  the  manganese  ores  of  the  United  States  are  closely 
associated,  both  geographically  and  geologically,  with  brown  iron 
ores,  work  on  the  two  products  is  best  carried  on  by  the  same  Survey 
parties.  In  the  course  of  the  work  on  the  southern  iron  ores  out- 
lined on  a  previous  page  considerable  data  have  been  collected  con- 
cerning the  manganese  ores  of  Virginia,  Georgia,  and  Alabama. 

The  prosperity  of  the  steel  industry  has  greatly  stimulated  interest 
in  the  subject  of  manganese  ore  deposits,  and  a  marked  revival  of 
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activity  has  occurred  in  the  well-known  Crimora  district  of  Virginia 
and  elsewhere.  These  developments  should  be  promptly  follower* 
up  by  the  Survey,  and  it  is  desirable  that .  a  preliminary  general 
report  on  the  manganese  ores  of  the  United  States  be  prepared  and 
issued  as  soon  as  possible. 

ALUMINUM    AND    BAUXITE. 

During  1905  bauxite  was  discovered  in  Tennessee,  Virginia,  and 
Pennsylvania,  far  north  of  the  deposits  previously  known.  Develop- 
ments in  the  use  of  low-grade  bauxite  for  the  manufacture  of  refrac- 
tory brick  have  also  stimulated  interest  in  the  industry,  so  that  pros- 
pecting for  bauxite  has  been  particularly  active  during  the  last  year. 
It  is  noteworthy,  however,  that  though  these  new  discoveries  extended 
the  area  known  to  contain  bauxite  deposits,  the  general  location  and 
character  of  the  deposits  fulfill  entirely  the  conditions  pointed  out 
by  Survey  geologists  a  decade  ago.  During  1905  the  Arkansas 
deposits  were  reexamined  by  Survey  parties,  and  it  is  probable  that 
the  new  eastern  districts  will  be  surveyed  and  reported  on  in  the  near 
future. 

The  recent  and  proximate  expiration  of  a  number  of  the  basic 
patents  on  which  the  aluminum  industry  is  founded  has  operated 
to  increase  greatly  the  general  interest  in  the  supply  of  ore;  and  it 
seems  probable  that  active  prospecting  and  development  work  will 
be  carried  on  in  all  promising  districts  during  1*907. 

A  reported  bauxite  field  in  Arizona  was  examined  during  1906  by 
C.  W.  Hayes,  whose  report  is  presented  in  this  bulletin. 

STRUCTURAL  MATERIALS. 

Cement. — The  geological  investigation  of  cement  materials  by  the 
Survey  during  the  last  year  was  carried  on  mostly  in  connection 
with  the  ordinary  areal  work  of  the  Survey,  and  its  results  will  be 
published  only  in  the  texts  of  various  geologic  folios.  An  exception 
to  this,  however,  was  the  examination  of  the  cement  resources  of 
portions  of  Wyoming  by  Sydney  H.  Ball,  a  report  on  which  is 
included  in  the  present  bulletin.  Mr.  Burchard  has  also  submitted  a 
brief  report  on  the  cement  resources  near  Dubuque,  Iowa,  for  publi- 
cation in  this  volume. 

Bulletin  243  of  this  Survey,  dealing  with  the  *^  Cement  materials 
and  cement  industry  of  the  United  States,"  has  been  out  of  print  for 
some  time.  The  demand  for  it  still  continues,  and  it  has  been 
decided  to  rewrite  it  completely  and  issue  the  revised  edition  in  1907 
if  possible. 

Lime. — In  the  course  of  his  studies  on  the  areal  geology  of  the  Bir- 
mingham district  of  Alabama,  Charles  Butts  collected  considerable 
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data  on  the  limestones  of  that  rep4>n.  In  two  brief  papers  published 
in  the  present  bulletin  the  principal  facts  relative  to  the  use  of  these 
limestones  as  fluxing  materials  and  for  lime  burning  are  summarized. 

Magnesia  and  magnesite. — Durinj^  the  last  fall  Frank  L.  Hess  con- 
tinued his  invest i^aticms  of  the  magnesite  de]K>sits  of  California. 
The  results  of  this  work  are  not  in  sha|H'  for  i)ublication  at  present, 
but  a  special  bulletin  on  the  su])ject  will  probably  be  issued  by  the 
Survey  in  1907  or  1908. 

Gypsum  and  plasters. — A^arious  jjypsum  districts  have  been  visited 
by  Survey  geologists  during  the  past  year,  and  a  rei)ort  on  one  west- 
em  district  is  contained  in  the  prestMit  bulletin.  During  the  coming 
year  an  attempt  will  be  made  to  prepare  a  revised  edition  of  BuUetin 
223,  on  the  gypsum  deposits  of  the  United  States. 

Clays. — A  number  of  reports  on  the  clay  resources  of  various  parts 
of  the  United  States  are  included  in  the  present  bulletin.  Most  of 
the  investigations  covered  by  these  reports  were  carried  on  by  geolo- 
gists engaged  in  areal  work  for  geologic  folios,  but  the  work  and  the 
papers  by  Messrs.  John  T.  Porter  and  Otto  A  eatch  form  exceptions  to 
this  rule. 

Building  stone. — T.  Nelson  Dale  has  continued  his  studies  of  the 
granite  deposits  of  New  England,  and  is  ]>re])aring  a  detailed  report 
on  the  subject  for  publication  during  the  coming  year  as  a  bulletin 
of  the  Survey.  The  present  bulletin  includes  a  l^rief  summary  of 
this  report. 

MISCELLANEOUS  NONMETALS. 

Glass  sand. — The  glass-making  materials  of  several  areas  were 
studied  by  Survey  geologists  during  1905,  and  the  economic  bulletin 
(No.  285)  for  that  year  contained  three  detailed  reports  summarizing 
the  results  of  their  investigation.  Mr.  Burchard  continued  this  work 
in  1906  and  presents  two  reports  in  the  present  bulletin.  In  the 
course  of  this  work  he  has  carried  out  chemical  and  physical  tests, 
not  only  of  glass  sands  now  in  use,  but  of  sands  from  undeveloped 
deposits  which  seem  to  be  available  for  use  as  glass-making  material. 
It  is  believed  that  this  investigation,  w^hich  is  of  a  type  somewhat 
different  from  those  usually  undertaken  by  the  Survey,  will  yield 
results  so  valuable  that  its  continuance  is  warranted. 

Feldspar  and  quartz. — Reports  on  the  feldspar  and  quartz  deposits 
of  two  areas,  by  E.  S.  Bastin,  are  included  in  this  bulletin.  These 
represent,  so  far  as  known,  the  first  serious  studies  of  this  interesting 
group  of  mineral  products  and  will  probably  prove  serviceable  to 
those  who  are  engaged  in  prospecting  or  working  similar  deposits 
in  other  districts. 

Mica. — Papers  on  mica  deposits  in  Wyoming  and  North  Carolina, 
by  Messrs.  Ball  and  Sterrett,  respectively,  will  be  found  in  this  bul- 
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letin.  The  more  detailed  of  these  studies  was  carried  on  for  the 
North  Carolina  Geological  Survey  and  is  presented  here  by  permission 
of  the  State  geologist. 

Graphite. — ^While  studying  the  iron  ores  of  Wyoming,  Mr.  Ball  pre- 
pared for  this  bulletin  a4)rief  note  on  graphite  deposits  occurring  in 
the  same  area. 

Diatomaceous  earth, — ^Messrs.  Arnold  and  Anderson  have  prepared 
for  the  present  bulletin  a  comparatively  detailed  report  on  the 
extensive  deposits  of  diatomaceous  shale  which  occur  in  California. 

Mineral  paints, — During  the  last  year  several  mineral-paint  pro- 
ducing localities  have  been  visited  by  Survey  geologists,  and  in  this 
bulletin  a  statement  concerning  the  use  for  paint  of  the  CUnton  or 
oolitic  red  hematite  ores  is  presented  by  Mr.  Burchard. 

Phosphates  and  phosphorus, — Several  papers  included  in  the  present 
bulletin  deal  with  interesting  deposits  of  phosphates.  Mr.  Stose  de- 
scribes the  manufacture  of  phosphorus  from  mineral  materials,  while 
Professor  Purdue's  paper  takes  up  the  recently  discovered  phosphate 
fields  of  Arkansas.  The  paper  by  Messrs.  Weeks  and  Ferrier  describes 
a  new  and  important  phosphate  district  in  the  western  United  States. 

Sulphur, — ^A  brief  paper  on  some  Utah  sulphur  deposits,  by  W.  T. 
Lee,  will  be  found  in  the  present  bulletin.  So  far  no  detailed  study 
of  the  sulphur  and  pyrite  deposits  of  the  United  States  has  been 
taken  up  by  the  Survey,  though  such  an  investigation  and  report 
would  be  of  great  industrial  interest  and  value  and  should  receive 
consideration  in  the  near  future. 


GOLD   AND  SILVER. 


LAKE  FORK  EXTENSION  OF  THE  SILVERTON 

MINING  AREA.  (  OLORADO. 


By  L.  n.  WooLSEY. 


INTRODUCTION. 

The  Silverton  mining  district,  Colorado,  has  been  under  develop- 
ment many  years  and  was  described  by  Ransome  and  others  "  after 
examination  in  1889  and  1900. 

What  may  be  considered  a  geologic  extension  of  this  district  has 
been  opened  near  the  head  of  Lake  Fork  of  Gunnison  River,  at 
Whitecross  post-office,  about  14  miles  by  road  northeast  of  Silverton 
and  neariy  the  same  distance  southwest  of  Lake  City.  This  area  was 
hurriedly  covered  by  a  party  under  Mr.  Whitman  Cross  during  a 
reconnaissance  of  the  San  Cristobal  quadrangle  in  the  summer  of  1906, 
and  the  mines,  especially  those  closely  surrounding  Wliitecross,  will 
be  discussed  in  the  present  paper  from  field  notes  taken  by  the  writer 
at  that  time. 

GENERAL  GEOLOGY. 

The  geology  along  Lake  Fork,  as  in  most  of  the  Silverton  area,  is 
that  of  an  intricate  igneous  complex.  Water-laid  rocks,  save  small 
amounts  of  fine,  stratified  tuffs,  are  the .  exception.  Though  many 
geologic  relations  were  necessarily  undetermined  during  the  stay  at 
Whitecross,  the  broad  geologic  features  of  the  region  may  be  stated. 
An  indeterminate  breccia,  consisting  largely  of  monzonitic  flow 
breccias  and  tuffs  and  including  some  fragments  of  granite,  occupies 
the  bottom  of  Lake  Fork  for  2  or  3  miles  east  of  Whitecross.  This 
breccia  is  extensively  invaded  and  covered  by  a  rhyolite  bearing 
prominent  quartz  phenocrysts,  apparently  the  same  rock  as  that 
forming  large  masses  or^the  higher  slopes  of  the  valley  and  especially 
on  the  ridges  and  peaks  to  the  east.  To  the  south  this  complex  lies 
against  a  granite  backbone,  which  has,  roughly  speaking,  an  east-west 
extension  for  several  miles  along  Cottonwood  Creek  and  Lake  Fork  to 
the  east.     Near  the  mouth  of  Cottonwood  Creek,  however,  an  arm  of 


o  Ransome,  F.  L.,  Economic  geology  of  the  Silverton  quadrangle:  Bull.  U.  S.  Geol.  Survey  No.  182, 1903. 
Cross,  W.,  Howe,  E.,  and  Ransome,  F.  L.,  Description  of  Silverton  district:  Geologic  Atlas  U.  S.,  folio 
120,  U.  S.  Geol.  Survey,  1905. 

26 


LAKE  FORK  MINING  AREA,  COLORADO.  27 

the  granite  stretches  northwestward  to  Lake  Fork  at  Whitecross  and 
wedges  out  a  short  distance  beyond  the  town.  The  granite  is  older 
than  the  complex,  but  their  present  relations  are  rendered  somewhat 
equivocal  through  profound  faulting  and  fissuring,  which  has  affected 
in  greater  or  less  degree  all  the  rocks  of  the  area.  The  fissures  follow 
no  single  direction,  nor  do  they  fall  into  regular  systems,  but  have  a 
wide  range  within  the  northwest  and  northeast  quadrants.  Many  of 
them  are  offshoots  of  fissure  systems  lying  well  within  the  Silverton 
area,  and  in  such  fissures  the  ore  mined  in  this  locality  largely  occurs. 

MINING. 

This  region  was  prospected  many  years  ago  and  has  been  the  scene 
of  more  or  less  activity  ever  since ;  but  development  is  greatly  retarded 
by  the  lack  of  transportation  facilities.  The  nearest  railroad  is  at 
Animas  Forks,  5  miles  west  of  Whitecross,  but  over  a  divide  requiring 
a  1,500-foot  climb.  The  railroad  at  Lake  City  is  nearly  three  times 
as  distant.  Nevertheless,  from  time  to  time  considerable  ore  has 
been  shipped  from  the  various  mines  of  the  region,  and  active  devel- 
opment is  progressing  as  rapidly  as  the  conditions  warrant.  Many 
prospects  have  workings  of  severd,l  hundred  feet,  and  though  some 
were  inaccessible  at  the  time  of  visit  such  details  as  were  obtainable 
are  given  below.     The  mines  are  taken  up  in  order  from  west  to  east. 

The  Park  View  property  lies  halfway  up  the  southeast  face  of 
Edith  Mountain,  west  of  Whitecross.  Development  has  been  carried 
on  by  means  of  a  tunnel  over  600  feet  long  and  a  60-foot  shaft  some 
distance  above  the  tunnel.  The  rock  at  the  surface  and  underground 
is  granite,  which  is  cut  by  a  main  southwest  fissure.  All  workings  are 
said  to  follow  this  fissure,  which  is  in  places  several  feet  wide.  The 
workings  were  not  accessible  at  the  time  of  visit,  but  the  vein  is 
known  to  carry  chiefly  galena,  with  smaller  amounts  of  gray  copper. 
Quartz  is  present  as  the  chief  ganguo  mineral  and  is  said  to  carry  some 
gold. 

The  Monticello  lode  is  situated  at  the  mouth 'of  Cleveland  Gulch, 
adjacent  to  Whitecross,  and  is  developed  by  a  shaft  50  feet  deep,  with 
a  short  southward  drift  at  the  bottom.  Farther  up  the  gulch  a  new 
tunnel  is  also  being  opened.  The  surface  rock  near  both  workings  is 
granite,  and  this  is  the  only  rock  penetrated  underground.  The  shaft 
and  drift  were  inaccessible,  but  are  said  to  follow  a  southwest  fissure. 
The  tunnel,  however,  is  on  forking  lodes,  which  shoot  through  the 
granite  in  roughly  northeast  directions.  The  ore  found  in  the  shaft 
fissure  is  said  to  be  chalcopyrite  and  pyrite  mixed  with  calcite  and 
quartz  as  gangue  minerals,  and  some  of  this  has  been  shipped  in  past 
years.  In  the  tunnel  the  granite  is  heavily  pyritized  near  quartz 
veins,  which  hold  chalcopyrite  in  large  proportions,  and  at  the  face 
ore  was  observed  in  three  or  more  veins,  covering  in  all  about  a  foot 
and  a  half  in  width.     No  postmineral  movement  was  apparent,  for 
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the  veins  had  frozen  walls.  Sufficient  ore  had  not  yet  been  taken 
from  the  tunnel  to  make  a  shipment. 

The  two  Cleveland  tunnels  are  also  situated  at  the  mouth  of  Cleve- 
land Gulch.  They  are  short  and  but  a  few  hundred  feet  apart.  The 
rock  in  the  vicinity,  as  well  as  under^ound,  is  massive  granite. 
Mineralization  is  confined  to  impregnations  of  pyrite  and  veins  of 
quartz,  but  in  places  these  have  suffered  brecciation  and  fissuring 
since  their  formation.  Development  has  not  progressed  sufficiently 
far  to  expose  ore  of  any  account. 

The  Illinois  Boy  is  an  old  prospect  on  the  east  side  of  Cleveland 
Gulch.  It  is  opened  by  a  250-foot  tunnel  in  granite.  Ore  Uke  that 
of  the  Monticello  is  said  to  have  been  sliipped  occasionally,  but  at 
the  time  of  visit  the  mine  was  idle. 

The  Bon  Homme  tunnel  is  situated  southwest  of  Whitecross,  on 
the  south  slope  of  the  valley.  At  present  it  is  close<l  under  pending 
litigation.  It  is  said,  however,  to  have  penetrated  nearly  2,000  feet 
of  massive  granite,  which  is  also  the  coimtr}'  rock  at  the  surface. 
In  this  distance,  as  reported,  it  intercepted  one  of  the  fissures  out- 
cropping on  the  summit  of  the  hill  to  the  south  and  locally  called 
the  Fanny  vein.  Ore  consisting  chiefly  of  chalcopyrite  with  quartz 
is  reported  from  prospects  on  the  vein. 

The  La  Belle  tunnel,  owned  by  the  Columbus  Consolidated  Mining 
and  Tunnel  Company,  is  opposite  \Miitecross  post-office,  on  the 
south  slope  of  the  valley.  Development  has  been  carried  on  through 
a  650-foot  tunnel  running  due  south  and  a  130-foot  crosscut  to  the 
southeast.  This  tunnel  is  located  in  a  granite  area  and  all  the  work- 
ings are  in  massive  jointed  granite.  Three  thin  fissures  were  inter- 
cepted, the  first  trending  east  and  west  and  the  others  shifting  to 
the  northeast.  All  are  barren  save  the  last,  which  is  iron  stained, 
but  no  ore  was  observed.  It  is  said  that  the  management  is  driving 
for  a  northeast  vein  that  outcrops  in  the  first  ravine  to  the  east. 

The  Silver  Star  property  lies  on  the  north  side  of  the  valley  a 
short  distance  northeast  of  Whitecross.  The  workings  are  very  old 
and  at  the  time  of  visit  were  abandoned  and  inaccessible.  Men  who 
have  worked  in  the  tunnel,  however,  agree  that  it  is  about  100  feet 
in  extent  along  a  southwest  vein.  The  rock  at  the  surface  and  also 
underground  belongs  to  the  complex  of  tuffs  and  flows  which  fills  the 
valley  to  the  east.  This  mine  is  said  to  have  produced  a  good  grade 
of  copper  ore,  consisting  chiefly  of  gray  copper  with  chalcopyrite. 
Specimens  taken  from  the  dump  confirm  this  report  and  show  in  the 
vein  considerable  tetrahedrite  and  about  equal  amounts  of  chalco- 
pyrite and  pyrite,  with  a  gangue  largely  of  quartz.  The  walls  are 
highly  silicified  fragmental  rocks,  probably  tuffs,  through  which  are 
sprinkled  grains  of  pyrite  and  perhaps  of  tetrahedrite. 

The  Champion  shaft  is  on  the  north  side  of  Lake  Fork,  a  few  hun- 
dred feet  east  of  the  Silver  Star.     The  property  is  now  abandoned 
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and  the  shaft  is  full  of  water.  Development,  however,  is  known  to 
have  been  carried  to  a  depth  of  160  or  170  feet,  with  an  easterly 
drift  of  about  65  feet  and  one  to  the  west  of  30  or  40  feet.  The 
rocks  in  the  vicinity  are  dark  porphyritic  flows  and  fine  tuffs,  and 
the  material  on  the  dump  is  largely  the  same,  but  its  identity  is 
veiled  by  extensive  mineralization.  Deformation  has  produced  a 
fissure  trending  approximately  east  and  west,  which  may  be 
observed  at  the  surface  and  which  it  is  believed  the  shaft  and  work- 
ings follow.  Ore  is  said  to  have  been  taken  from  this  fissure.  It 
was  of  low  grade,  however,  being  valuable  for  copper,  but  containing 
excessive  amounts  of  iron.  Specimens  collected  from  the  dump, 
moreover,  show  the  country  rock  to  be  greatly  altered  and  silicified 
and  also  penetrated  by  pyrite.  The  vein  material  in  these  speci- 
mens contains  chiefly  chalcopyrite  with  pyrite  and  small  amounts 
of  galena,  quartz  and  rhodochrosite  being  the  gangue  minerals.  Of 
course  this  does  not  preclude  larger  amounts  of  valuable  ore  else- 
where in  the  vein,  but  the  ore  heretofore  found  was  probably  not 
valuable  enough  for  profitable  exploitation  against  a  heavy  flow  of 
water. 

The  Napoleon  shaft  is  located  on  the  south  bank  of  Lake  Fork, 
nearly  opposite  the  Champion  shaft.  It  also  is  full  of  water  and 
abandoned.  It  is  reported  to  have  been  sunk  75  feet  on  an  east- 
west  vein.  This  vein  at  the  surface  cuts  the  igneous  complex  of 
flows  and  tuffs  which  form  both  the  valley  at  this  point  and  the 
country  rock  of  probably  the  whole  shaft.  Ore  of  a  good  type, 
chiefly  gray  copper,  is  known  to  have  been  taken  from  this  vein  and 
shipped,  but  operations  were  discontinued  because  of  water. 

The  Seward  County  property  lies  on  the  north  side  of  the  valley, 
just  east  of  the  Champion  shaft.  The  mine  is  entirely  abandoned 
and  very  little  is  known  concerning  its  history.  The  claim  seems 
to  have  been  opened  by  short  shafts  and  prospect  tunnels,  and  it 
is  reported  vaguely  that  some  gray  copper  and  chalcopyrite  ores 
were  shipped  years  ago.  The  country  rock  is  similar  to  that  at 
the  Champion,  and  the  workings  appear  to  have  followed  zones  of 
silification  and  pyritization  probably  connected  with  fissuring. 

The  great  Ohio  mine  is  a  mile  and  a  half  east  of  Whitecross,  on  the 
east  side  of  Lake  Fork,  between  Cooper  and  Silver  creeks.  At  the 
time  of  visit  this  property  was  being  more  actively  developed  than 
any  other  in  the  vicinity.  Work  was  progressing  in  a  200-foot  tunnel 
which  intersects  an  incline  shaft  from  the  surface  about  100  feet  long. 
A  new  shaft  was  also  in  progress  a  short  distance  east  of  the  tunnel. 
The  rock  near  the  workings  is  commonly  the  quartz-bearing  rhyolite 
mentioned  as  intruding  and  covering  the  fragmental  complex.  This 
proves  to  be  also  the  rock  underground.  It  has  suffered  considerable 
deformation  through  fissuring  along  approximately  north-south  lines, 
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and  one  of  thene  fiHsuros  is  followinl  by  the  main  tunnel  and  incline 
shaft.  Near  the  foot  of  the  ineliiie  sliaft  the  trend  of  the  fissure  is 
nearly  due  north,  but  farther  in  it  tunis  to  the  northeast,  and  though 
in  places  it  dips  very  steeply  to  the  northwest  or  southeast,  its  general 
attitude  is  about  vertical.  Ore  is  found  in  this  fissure  in  rather  small 
shoots,  which  pitch  to  the  north.  Where  examined  the  fissure  was 
not  over  3^  feet  wide,  and  the  ore  was  considerably  broken,  crushed, 
and  mixed  with  gouge.  This  indicates  strong  movement  since  the 
depositicm  of  the  ore  and  closer  examination  shows  that  the  ore 
occupies  the  interstices  of  older  fissure  breccia  and  has  {>erha{>s  slightly" 
impregnated  the  walls.  The  ore  is  chiefly  galena  and  tetrahedrite 
associated  with  sphalerite,  j)yrite,  and  chalcoj>yrite,  the  whole  being 
mixed  with  vein  quartz.  Thin  stH'tions  of  the  fissure  walls  studied 
under  the  microscope  show  that  mineralization.  j)articularly  silicifica- 
tion  and  pyritization,  has  j)enet rated  for  a  considerable  distance  into 
the  country  rock.  About  70  tons  of  ore  have  been  shipped  to  date, 
and  nearly  as  much  more  lies  in  the  bins  ready  for  shipment.  The 
latter  is  estimated  by  the  manager  to  contain  12  to  15  per  cent  copi>er, 
$10  to  $12  in  gold,  50  to  60  ounces  in  silver,  and  10  per  cent  zinc. 
Since  the  fissure  has  never  been  followed  to  any  great  depth  below  the 
tunnel,  it  seems  likely  that  other  shoots,  as  large  as  the  one  excavated, 
might  be  uncovered  at  lower  levels.  Indeed,  since  the  time  of  visit  it 
has  been  reported  that  ore  has  ])een  struck  in  the  new  shaft  which  was 
then  being  sunk  for  the  purpose  of  intersecting  this  and  like  veins  at 
greater  depth. 

The  O.  K.  tunnels  are  located  north  of  Lake  Fork  and  several 
hundred  feet  west  of  Coo})er  Creek.  They  are  short  tunnels  upon  an 
east-west  fissure  svstem,  but  seem  as  vet  not  to  have  uncovered  ore  of 
any  account. 

CONCLUSIONS. 

Where  ore  bodies  assume  a  certain  mode  of  occurrence,  others  of 
similar  character,  as  a  rule,  occur  in  the  same  locality.  Hence,  in 
districts  where  ore  is  distributed  in  veins,  as  near  Whitecross,  the 
likelihood  of  discovering  new  veins  is  strong  enough  to  give  high 
encouragement  to  the  prospector.  Such  veins,  of  course,  are  most 
evident  on  barren  ridges  and  summits,  but  may  be  no  less  numerous 
and  valuable,  though  not  so  easily  found,  on  forest-clad  slopes. 
Thus  in  the  valley  bottoms  many  lodes  may  lie  in  bed  rock,  hidden  by 
debris,  talus,  or  soil.  The  uniformly  small  size  of  the  shoots  in  this 
area,  however,  leads  to  the  expectation  that  new  discoveries  will  not 
be  more  promising  than  those  already  made.  It  would  seem  that  the 
small  veins  so  far  opened,  as  well  as  virgin  property,  might  be  more 
successfully  exploited  by  a  consolidation  of  interests.  Moreover,  the 
grade  of  the  ore  suggests  that  prospecting  should  not  be  carried  on  in  a 
manner  which  precludes  drainage  by  gravity. 


THE  GRANITE-BIMETALLIC  AND  CABLE  MINES, 
PHILIPS  BURG  QUADRANGLE,  MONTANA." 


By  W»  H.  Emmons. 


INTRODUCTION. 

The  Philipsburg  quadrangle  is  a  30-minute  area,  which  joins  the 
south  half  of  the  Helena  60-ininute  quadrangle  on  the  west.  Its 
eastern  border  is  about  a  mile  west  of  Anaconda,  and  its  northern 
border  is  just  south  of  Stone  station,  on  the  Philipsburg  and  Drum- 
mond  branch  of  the  Northern  Pacific  Railway.  During  the  summer 
and  autumn  of  1906  Messrs.  F.  C.  Calkins  and  D.  F.  MacDonald  were 
engaged  in  mapping  the  geology  of  the  quadrangle,  while  the  writer 
studied  the  ore  deposits.  The  results  of  this  work  will  be  pubUshed 
later  by  the  Survey.  It  is  the  purpose  of  this  paper  to  give  a  brief 
description  of  two  of  the  most  important  mines. 

The  thanks  of  the  writer  are  due  Mr.  S.  F.  Emmons,  in  charge  of 
the  division  of  metalliferous  ore  deposits  of  the  Survey,  for  valu- 
able criticism  and  advice;  to  Mr.  Paul  A.  Fusz  and  associates,  of  the 
Granite-Bimetallic  mine;  and  to  the  Messrs.  Bacorn  and  Mr.  Adami,  of 
the  Cable.  The  courtesy  of  all  the  officers  of  these  mines  has  made  the 
field  work  more  agreeable  and  their  carefully  kept  maps  and  records 
have  made  it  more  effectual  than  it  would  otherwise  have  been.  Inas- 
'  much  as  this  paper  was  written  in  the  field,  prior  to  the  study  of  notes 
and  collections,  the  writer  reserves  the  privilege  to  revise  statements 
and  conclusions  in  the  final  report. 

TOPOGRAPHY  OF  THE  QUADRANGLE. 

The  Philipsburg  quadrangle  is  for  the  most  part  mountainous  and 
varies  in  elevation  from  4,600  to  10,600  feet.  The  central  portion  of 
the  quadrangle  is  drained  by  Flint  Creek,  which  rises  near  Cable 
Mountain  and  flows  northeastward  to  Missoula  River.  On  both  sides 
of  this  creek  is  a  considerable  area  of  relatively  low  hills,  wooded  only 
in  part,  which  furnish  good  pasturage  for  cattle*  and  in  the  valley 

a  Preliminary  paper,  conclusions  are  subject  to  revision. 
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along  the  streams  are  a  number  of  hay  ranches,  where  the  hardier 
grasses  are  cultivated.  The  higher  countrj'  is  thickly  timbered  with 
spruce  and  pine,  sufficient  for  l(M:al  needs  but  of  too  small  size  for  the 
outside  lumber  market. 

MINING  DEVELOPMENT. 

There  are  several  mining  camps  witltin  tlie  quadrangle,  of  which 
the  most  important  are  Philipsbiirg,  Cable,  Georgetown,  Princeton, 
Combination,  Henderson,  anil  Flint.    (Sec  fig.  1.)     Some  of  these  dis- 


Phillpsbuig  qiiodninglo,  Montana. 


tricts  were  among  the  first  in  Montana  to  receive  the  serious  attention 
of  quartz  prospectors.  In  1865  the  St.  Louis  and  Montana  Mining 
Company,  which  was  then  operating  a  small  smelter  at  Argenta, 
Mont.,  acquired  mining  claims  near  the  summit  of  Hope  Hill,  about 
1  mile  north  of  Philipsburg.  At  great  cost  this  company  freighted  in 
a  10-stamp  pan-amalgamation  mill  from  San  Francisco  and  installed 
it  at  Philipsburg.  This  mill  was  still  in  operation  in  the  summer  of 
1906,  and  is  said  to  be  the  oldest  mill  in  Montana.  The  Cable  mine  was 
discovered  in  1866,  and  since  then  has  been  operated  a  great  portion 
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of  the  time.  The  Trout,  Algonkian,  Two  Percent,  and  a  number  of 
smaller  mines,  a  mile  or  two  east  of  Pliilipsburg,  were  opened  soon 
after  the  Hope,  and  expensive  reduction  plants  were  built  at  the  set- 
tlements of  Hasmark  and  Tower  near  the  mines.  The  annual  pro- 
duction of  the  quadrangle,  however,  was  relatively  small  until  1884, 
when  the  Granite  mine,  controlled  by  C.  D.  McLureand  associates, 
became  an  important  producer.  A  branch  of  the  Northern  Pacific 
Railway  was  built  from  Drummond  to  Philipsburg  in  1887.  Encour- 
aged by  the  success  of  the  Granite,  a  great  deal  of  prospecting  was 
done  on  various  properties  in  the  district,  but  none  of  these  fulfilled 
the  promise  which  they  seemed  to  show  except  the  Bimetallic,  wliich 
was  on  the  extension  of  the  Granite  vein. 

The  production  of  the  mines  in  the  Philipsburg  quadrangle  up  to 
the  present  time  is  provisionally  estimated  at  $45,000,000  to  $50,000,- 
000,  more  than  half  of  which  has  come  from  the  Granite  mme. 

GENERAL  GEOLOGY. 

The  greater  portion  of  the  Philipsburg  quadrangle  is  composed  of 
sedimentary  rocks  which  range  in  age  from  Algonkian  to  Cretaceous.. 
According  to  the  estimate  of  F.  C.  Calkins  the  thickness  of  the  pre- 
Cambrian  portion  of  the  section  is  from  6,000  to  11,000  feet,  and  that 
of  the  later  formations  from  the  Cambrian  to  the  Cretaceous  is  from 
5,000  to  6,000  feet.  The  thickness  of  the  entire  section  varies  from 
11,000  to  17,000  feet.  Except  for  a  probable  angular  unconformity 
between  the  pre-Cambrian  and  Paleozoic  rocks,  the  beds  are  essen- 
tially conformable  in  dip,  though  unconformities  of  erosion  occur  at 
several  horizons.  The  section,  supplied  by  F.  C.  Calkins,  is  given 
below,  the  thicknesses  being  approximate  and  the  correlations  in  some 
degree  tentative: 

Section  of  sedivientary  rocks  in  the  Philipsburg  quadrangle^  Montana. 

Quaternary:  Feet. 

Flu viatile  deposits,  consisting  chieljiy  of  rounded  to  subangular  gravel 
and  sand,  spread  on  valley  bottoms  and  forming  terraces  in  the 
vicinity  of  Philipsburg. 
Glacial  deposits:  Moraines  consisting  mainly  of  granite  bowlders. 
Juratriaa  and  Cretaceous: 

Shales,  sandstones,  and  quartzites,  with  some  thin  l)eds  of  gasterojMid 

limestone 3, 000-|- 

Carboniferous: 

Quadrant(?)  formation:  Mainly  quartzite;  generally  some  red  spotted 
shale  at  l)ase;  near  Philipsburg  a  lower  bed  of  pure  quartzite 
separated  by  a  layer  of  calcareous  shale,  impure  limestone,  etc., 
from  an  upper  bed  of  l(»sspure  quartzite  and  sandstone;  fossils, 
locally  in  red  shale  and  limestone 200-500 

Bull.  315—07—^3 
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rarlNinifcrouK-  <\mlinii(Hl.  Feet. 

MadiHon  liin<*Htono 

Min<>Ht<)nf',  gray  tu  white,  iiifwttly  finr  grainftl.  nith<T  thirk  Ixnlded, 
liH'ully  <*h<'iiy  ami  (fnitainin^  s(»iiii'  fairly  thi<*k  )H'«liiof  rhort;  f«is- 

Hilif(>rout< 500 

LimcHtnnc.  (iiiograiiKMl.  Iilarknn  fn'»«h  frartim*.  )>lii(*-gray()n  wcath- 
<T(m1  mirfa<'o;  uniially  flafgsy.  mntaiiiH  iiiurh  chvrt  an  irr«*|rular 
(*(>n(T<'ti<>nH;  fdHHilifcrDiis;  local Iv  coiitaiiiH  a  IkhI  of  hlat'k  liihale 

iK'ar  baw* 500 

Dcvoiio-Silurian: 

J(*fforHon  liincHtonc:  MaMiivc.  iiiot<tly  wliilf.  I»iil  with  inaiiy  hhic^-gFay 

to  inor<'  iH'arly  Mnck  )>(><1h:  mcdiiiin  ^rraininl 1, 000 

Yogo  liincHtono:  <iray  to  white,  incdium  thi<*k  h<Hl<l(*<l.  with  rloHely 
spaced ,  thin.  8ili<*eouH  to  ar>nlla(*(>ouH  lainiiu'.',  ami  hx^ally  alittlo 
limeHt4>ii(*  conglomerate,  overlain  hy  tluggy  inipuri'  linieHtone, 
calcareous  sandstone,  an<l  shale 400 

Dry  Creek  shale:  Near  Cahh*.  black  to  olive-gnH*n  shale  with  a  little 
gray-green,  line-grainetl  sandstone;  near  PhiliiM(biii>i:.  gn»on  U) 
white  bambnl  calcannms  shale 15—40 

Pilgrim  limestone:  Fine  grained,  hanl,  usually  i-n-am-white.  in  part 

very  light  gray,  locally  contains  thin  b<»ds  of  shale 200 

Cambrian: 

Park  shale:  Calcareous,   light   olive-gri»en   to  <lark   pur]>li»*h   bniwn, 

locally  banded,  very  thin  near  Princeton  and  Phili])sburg 15-50 

Meagher  limestone:  Medium  thick  b(Kld<Hl,  prevailingly  m<>dium 
grained,  light  blue-gray,  nearly  white  or  tlark  gray  n<»ar  baHe, 
gritty  (m  weathennl  surface 400 

Wolsey  shale:  I>ower  part  olive-green  to  l>la<'k.  rather  fissile,  non- 
calcareous;  upper  part  banchKl.  calcan^uis 100-300 

Flathead  quart zite:  Thick  biHldiHl,  white  to  riKldish.  of  medium  to 

coarse  texture 50-300 

Pre-Cambrian: 

Camp  Creek  formalicm:  M(Kstly  deep-re(l  shale,  with  s<»me  green  in  thin 
layers,  grading  into  hard  quart zitic  reddish  to  white  sandstone, 
wliich  is  very  abundant  in  upper  i)ortion:  shallow-water  fea- 
tures   0-5, 000 

Blackf(K)t  formation:  Calcareous  shale,  impure  limestone,  and  massive 
banded  calcarcHiua  argillite,  dark  gray  to  light  greenish  gray  on 
fresh  fracture,  weathering  l)uff  or  yellow,  grading  into  purer 
gray-weathering  limestone,  whicJi  occurs  generally  in  subordi- 
nate amount  interbedded  with  the  shale  in  thin  layers  and  as 
concretions 4, 000 

Kavalli  (?)  formation:  Quartzite  overlain  by  purplish  and  greenish-gray 

siliceous  argillite 1, 000 

Prichard  (?)  formaticm:  Bluish-gray  argillites  largely  altered  to  mica 

schist,  with  interbedded  sandstone 2, 000  -f- 

All  the  sedimentary  rocks,  except  the  glacial  and  fluviatile  deposits, 
are  cut  by  granite  or  by  granite  porphyry.  The  granite  is  composed 
essentially  of  feldspar,  quartz,  mica,  and  hornblende.  One  large  body 
of  it  occurs  about  a  mile  east  of  Philipsburg,  the  western  contact 
passing  near  the  camps  of  Hasmark  and  Tower.  This  same  mass 
extends  southward  as  far  as  the  Red  Lion  mine  and  eastward  within 
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2  miles  of  the  Powell  mine.  Another  large  boss  of  granite,  not  con- 
nected on  the  surface  with  this  one,  occurs  just  west  of  Cable  and 
extends  northwestward  to  the  Southern  Cross  mine,  and  thence  south- 
ward nearly  to  Silver  Lake.  An  area  much  larger  than  either  of 
of  these  overlaps  the  eastern  border  of  the  quadrangle,  its  western 
margin  extending  in  a  generally  north-south  direction  from  the  head 
of  Foster  Creek  to  the  head  of  Gold  Creek.  The  granite  of  this  mass 
forms  the  country  rock  of  the  Royal  mine. 

The  granite  prophyry  has  about  the  same  composition  as  the 
granite,  but  contains  more  quartz.  It  forms  several  small  masses  of 
which  the  areal  extent  is  insignificant  compared  with  that  of  the 
granite.  There  is  a*  typical  occurrence  of  the  granite  porphyry  about 
a  mile  north  of  Philipsburg,  on  the  east  slope  of  Red  Hill. 

Where  the  sedimentary  rocks  are  in  contact  with  the  igneous 
intrusives,  the  limestones  and  shales  have  been  greatly  metamor- 
phosed. The  limestones  have  been  altered  to  marble,  which  in  many 
places  carries  more  or  less  tremolite  and  white  mica.  The  more  calca- 
reous shales  have  generally  been  changed  to  crystalline  aggregates, 
chiefly  of  garnet  and  pyroxene  accompanied  by  more  or  less  epidote, 
amphibole,  magnetite,  and  quartz,  while  others  have  been  changed 
to  rocks  rich  in  scapolite. 

DISTRIBUTION  AND  GENERAL  CHARACTER  OF  THE  ORE. 

The  most  important  mining  centers  are  those  near  Philipsburg, 
Cable,  Combination,  and  Princeton,  but  there  are  a  number  of  isolated 
mines  in  the  country  between  these  groups,  and  prospects  showing 
ore  are  widely  distributed  over  a  large  portion  of  the  quadrangle. 
They  are  most  numerous  in  the  intrusive  igneous  rocks  or  in  the  sedi- 
mentary rocks  near  their  contacts  with  the  intrusives. 

The  valuable  metals  of  the  ores  are  silver,  gold,  and  copper.  Some 
of  the  ores  carry  considerable  zinc  and  lead,  but  at  present  these 
metals  are  of  no  great  economic  importance  to  the  miner.  Magnetic 
iron  ore  is  mined  for  flux.  Some  manganese  oxide  has  been  shipped 
for  flux  and  to  a  less  extent  for  its  manganese  content. 

The  ore  deposits  occur  as  fissure  veins  cutting  both  the  granite  and 
sedimentary  rocks;  as  contact-metamorphic  replacement  deposits 
in  limestone  near  the  granite;  and  as  replacement  deposits  in  the 
sedimentary  rocks,  in  part  conforming  with  their  bedding  planes. 
From  the  standpoint  of  production  the  fissure  veins  are  the  most 
important.  In  the  granite  these  are  clear-cut  fissures  with  good  walls 
along. which  there  has  been  practically  no  replacement  of  the  country 
rock.  In  the  sedimentary  rocks  they  cut  across  the  bedding  at 
various  angles,  replacing  limestones  ver^  irregularly  and  making 
large  ore  shoots  at  favorable  places.  The  ore  bodies  of  the  Cable 
mine  are  the  only  known  replacement  deposits  of  contact-metamor- 
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phic  origin.  Several  other  mines  near  the  Cahle  are  located  in  the 
sedimentary  rock  near  the  granite  contact,  hut  in  these  mines  the  ore 
bodies  so  far  as  developed  are  distinctly  replacement  veins  along 
fissures.  One  important  group  of  replacement  deposits  is  that  of 
Hope  Hill,  where  very  siHceous  silver  ore  iwcurs,  for  the  most  part 
as  rudely  tabular  bodies  in  the  be<lding  planes  of  limestone,  but  it  also 
makes  out  from  those  horizons  as  relatively  long,  curved  cylinders, 
crossing  the  bedding  in  all  directions. 

GRANITE-BIMETALLIC    MINE. 
HISTORY   AND   DEVELOPMENT. 

The  Granite  Mountain  and  Bimetallic  mines  are  about  2^  miles 
southeast  of  Philipsburg,  on  the  steep  western  slope  of  Granite 
Mountain,  which  rises  3,000  feet  a])ove  the  valley  of  FHnt  Creek. 
Although  controlled  from  the  first  by  nearly  the  same  interests  and 
on  the  same  ore  shoot,  they  were  worked  separately,  each  with  its 
own  reduction  plants,  until  1<S9S,  when  a  consolidation  was  effected. 
Sitice  that  time  the  mines  have  been  operated  as  one. 

The  Granite  Mountain  mine  was  first  located  in  1S72,  but  the  loca- 
tion was  allowed  to  lapse  and  in  1875  it  was  relocated  by  E.  D.  Hol- 
land, J.  W.  Estell,  and  Josiah  M.  Merrell.  In  1880  Cliarles  D. 
McLure,  then  suj)erintendent  of  the  Hope  mill,  encouraged  by  assay 
of  a  specimen  picked  up  from  the  dinnj),  obtained  a  bond  on  the  prop- 
erty for  $40,000.  After  spending  several  thousand  dollars  in  devel- 
oping the  block  of  ground  between  what  is  now  level  1  and  level  2, 
with  fairly  promising  returns,  he  succeeded  in  organizing  a  syndicate 
of  St.  Louis  investors,  chiefly  from  the  Hope  directorate,  who  advanced 
him  altogether  $132,000.  The  mine  was  examined  in  April,  1881, 
by  Prof.  J.  E.  Clayton,  who  reported  $75,000  worth  of  ore  in  sight, 
the  vein  being  from  4  to  6  feet  wide,  with  an  average  value  of  44 
ounces  of  silver.  At  this  time  tunnel  (level)  No.  1  had  been  driven 
186  feet  and  No.  2  443  feet,  tapping  the  ore  shoot  300  feet  from  the 
portal.  Tliis  ore  was  iron-stained  quartz,  carrying  a  small  amount 
of  silver  chloride  but  relatively  of  low  grade.  Development  work 
was  continued  steadily,  and  in  1882  and  1883  about  1,400  tons  from 
levels  1  and  2  w^ere  milled  at  the  Algonquin  mill,  at  Hasmark,  IJ 
miles  northwest  of  the  mine,  a  fair  saving  being  made  by  dry  crush- 
ing, roasting,  and  ])an  amalgamation.  As  exploration  reached 
greater  depth  the  oxidized  ores  became  higher  in  grade  and  sulphide 
ores  extremely  rich  in  silver  were  found  about  200  feet  below  the 
surface.  Assured  of  sufficient  reserves,  the  company  built  at  the 
mine  a  dry-crushing  stamp  mill  (mill  A)  w^th  chloridizing  roasting 
furnace,  and  soon  followed  it  by  one  of  larger  capacity,  making  a  total 
of  80  stamps.     At  this  time  the  tenor  of  the  ore  milled  was  very  Itiigh 
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and  on  level  No.  6  an  11 -foot  face  running  150  ounces  in  silver 
was  left  untouched  for  a  considerable  period,  the  mills  being  occu- 
pied with  higher  grade  ore.  From  1885  to  1892  the  company  was 
extremely  prosperous,  taking  out  about  $20,000,000  in  silver  and 
gold,  and  paying  dividends  amounting  to  over  $11,000,000.  A  third 
mill,  with  100  stamps,  was  built  at  Rumsey,  IJ  miles  south  of  the 
mine,  and  connected  with  it  by  a  wire  tramway,  and  the  Philipsburg 
and  Drummond  Railway  was  extended  from  Philipsburg  to  the  mill, 
a  distance  of  7.7  miles.  For  a  portion  of  this  period  the  Granite 
Mountain  was  the  most  productive  silver  mine  in  the  United  States. 

The  property  has  been  skillfully  managed  since  the  beginning  of 
development.  Specialists  of  broad  training  were  employed  in  every 
department  and  the  thorough  organization  enabled  a  high  percent- 
age of  the  output  to  be  paid  as  dividends  to  the  stockholders.  Among 
the  larger  owners  were  Messrs.  McLure,  Rumsey,  Fusz,  Clark,  Ewing, 
Filley,  Lionberger,  Shapleigh,  and  Taussig,  all  of  St.  Louis,  and  thus 
through  this  mine  the  foundations  were  laid  for  many  of  the  larger 
fortunes  of  the  Middle  West. 

The  Bimetallic  Mining  Company  was  organized  in  1882,  Charles  D. 
McLure,  Charles  Clark,  and  J.  M.  Merrell  owning  practically  all  the 
stock.  Its  plant  was  almost  a  duplicate  of  that  of  the  Granite.  A 
100-stamp  chloridizing  mill  was  built  at  Bimetallic,  on  Douglas 
Creek  about  IJ  miles  above  Philipsburg.  This  was  connected  by 
rail  with  the  Philipsburg  and  Drummond  Railway  and  by  a^wire 
tram  with  the  hoist  house.  The  mine  had  a  large  part  of  the  same 
ore  shoot  that  was  exploited  through  the  Granite,  though  the  ore 
was  hardly  so  rich.  The  production  of  the  mine  from  1883  to  1893 
aggregated  about  $6,000,000,  from  which  nearly  $2,000,000  was  paid 
as  dividends.  Owing  to  the  fall  in  the  price  of  silver  the  mine  was 
shut  down  in  1893.  A  consolidation  with  the  Granite  was  effected 
in  1898  under  the  name  of  the  Granite-Bimetallic  Consolidated 
Mining  Company,  with  a  capitalization  of  1,000,000  shares.  At 
this  time  the  reserves  of  the  Bimetallic  mine  exceeded  those  of  the 
Granite,  and  accordingly  the  200,000  Bunetallic  shares  were  transr 
ferred  for  600,000  shares  of  the  new  company,  the  400,000  shares  of 
Granite  Mountain  stock  being  traded  share  for  share. 

After  the  consolidation  extensive  improvements  were  made  with 
a  view  to  working  the  lower  grade  ores,  of  which  there  was  still  a 
large  tonnage.  An  8,850-foot  tunnel  from  the  canyon  of  Douglas 
Creek  to  the  mine  was  completed,  draining  the  Bimetallic  mine  at  a 
depth  of  1,000  feet  and  the  Granite  at  a  depth  of  1,450  feet,  thus 
greatly  reducing  the  cost  of  pumping.  A  subsidiary  organization, 
the  Montana  Water,  Electric  Power  and  Mining  Company,  built  a 
reservoir  covering  several  square  miles  on  Georgetown  Flat,  near  the 
head  of  Flint  Creek,  and  installed  an  electric  plant  which  supplied 


38  CONTRIBUTIONS   TO   KCONOMIC   (iKoLOCiY,  1006,  PART   I. 

the  mines  and  mills  with  1,100  horse jH)wer.  A  3(K)-ton  concentrator 
was  built  just  below  the  collar  of  the  Bimetallic  sliaft.  From  1898 
to  1904  the  mines  produced  about  $1,000,000  a  year.  In  August, 
1905,  they  were  shut  down  on  account  of  the  low  price  of  silver  and 
the  decreasing  value  of  the  ore.  Subse([uently  they  have  been 
reopened  above  the  drain  tunnel  and  the  leasing  system  has  been 
adopted  by  the  company.  In  the  summer  of  1906  about  100  men 
were  engaged  in  the  mines  and  in  sorting  the  old  (Iranite  dumps. 

The  total  production  of  the  two  mines  has  been  something  over 
$32,000,000  in  silver  and  gold,  from  which  nearly  $15,000,000  has 
])een  paid  in  dividends;  of  this  amount  the  (Iranite  produced  more 
than  threo-fourtlis  and  its  dividends  have  been  about  $13,000,000. 
This  represents  net  profits,  since  the  original  jnirchase  price  and 
other  fimds  advanced  bv  the  s^^ulicate  were  returned  with  interest 
and  the  extensive  hoisting  and  reduction  ])lants  were  built  from  the 
proceeds  of  the  mine. 

The  mine  was  worked  from  five  drift  tunnels  and  two  deep  shafts, 
and  is  cut  by  a  long  adit  which  drains  the  Granite  mine  between 
levels  14  and  15,  and  the  Bimetallic  mine  at  level  10.  The  Granite 
(Ruby)  shaft  is  about  1,550  feet  deep,  and  the  Bimetallic  (Blaine) 
shaft  is  about  1,800  feet  deep.  The  vein  has  been  followed  and 
stoped  as  far  as  2,600  feet  l)elow  the  surface  and  there  are  altogether 
more  than  20  miles  of  drifts  and  crosscuts.  At  present  the  mine  is 
under  water  below  the  adit  level. 

geol()(;y. 

The  country  rock  is  a  medium-grained  granite,  composed  chiefly 
of  feldspar,  quartz,  mica,  and  hornblende,  which  is  cut  by  small 
aplite  dikes.  As  a  rule  it  is  not  greatly  decomposed  in  the  region  of 
the  veins,  but  is  as  solid  there  as  elsewhere,  although  in  many  places 
in  the  walls  of  the  veins  the  ferro-niagnesian  minerals  have  altered  to 
green  silicates  for  a  short  distance  away.  A  considerable  amount  of 
the  country  rock  is  included  in  the  vein  as  angular  l)locks  broken  from 
the  walls  and  at  numerous  points  the  vein  splits  to  inclose  horses  of 
the  granite.  The  country  rock  has  not  been  replac^ed  by  ore  to  any 
great  extent,  and  the  granite  of  the  walls  or  horses  can  not  be  worked 
profit al)ly.  The  walls  are  everywhere  well  defined  and  make  a  clear 
division  l)etween  the  vein  and  country  rock. 

« 

ORE    DEPOSITS. 

General  distrihution  of  ore. — The  Granite  vein  strikes  about  N.  75°  E. 
and  its  usual  dip  is  about  75°  S.,  although  in  places  it  becomes  nearly 
vertical  or  is  even  overturned,  dipping  toward  the  north.  Its  width 
varies  from  1  to  20  feet.  Along  its  strike  it  has  been  stoped  for  a  dis- 
tance of  4,500  feet  and  in  depth  about  2,  600  feet.     As  already  stated, 
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the  vein  splits  at  many  places,  inclosing  horses  of  various  sizes,,  and 
here  and  there  smaller  veins  make  off  from  the  principal  fissure.  Of 
these  the  ^' south  vein,"  which  branches  from  the  main  lode  near  the 
west  end  of  the  Bimetallic  mine,  is  the  most  important,  and  a  consid- 
erable portion  of  it  has  been  stoped  with  profit.  These  minor  veins 
do  not  appear  to  cross  the  main  fissure,  but  join  it,  making  angles 
nearly  everywhere  of  less  than  25°,  which  point  toward  the  west.  So 
far  as  known,  all  the  minor  veins  lie  to  the  south  of  the  principal 
vein.     Fig.  2  is  a  sketch  plan  of  the  lode. 

In  the  eastern  portion  of  the  mine,  on  level  8,  the  vein  splits  into 
several  branches,  the  line  of  separation  being  nearly  horizontal. 
Below  this  level  two  of  these  branches  reunite;  others,  however, 
diverge  in  depth. 

The  vein  probably  filled  a  fault  fissure.  There  was  movement 
along  the  plane  of  the  vein  before  the  fissure  was  completely  filled 
and  also  after  it  was  filled,  but  the  amount  of  displacement  can  not 
be  estimated.  The  fissure  can  not  be  identified  with  faults  in  the  sedi- 
mentary rocks  beyond  the  contact  of  the  granite,  and  where  it  should 
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Fig.  2.— Sketch  plan  of  the  Granite-Bimetallic  lode. 

appear,  if  present,  these  rocks  are  not  noticeably  displaced.  Post- 
mineral  movement  is  shown  by  the  local  brecciation  of  the  vein  and 
by  the  slickenside  streaks  of  gouge  along  the  walls.  Much  of  this  gouge 
contains  angular  fragments  of  broken  quartz,  and  it  is  therefore,  in 
part,  at  least,  of  postmineral  age.  That  movement  occurred  while 
the  vein  was  being  filled  is  recorded  by  the  numerous  brecciated 
fragments  of  the  country  rock  included  in  the  veins. 

So  far  as  is  shown  by  present  exposures  in  the  mine  none  of  the  post- 
mineral  movement  has  taken  place  along  planes  forming  any  consid- 
erable angle  with  the  vein,  and  although  the  vein  is  exposed  on  many 
levels  for  nearly  a  mile  along  its  strike  at  no  place  could  cross  faulting 
be  detected. 

Primary  ore. — The  primary  ore,  which  is  found  in  the  lower  portions 
of  the  mine,  has  a  gangue  of  quartz  and  rhodochrosite  inclosing  a  large 
quantity  of  pyrite,  arsenopyrite,  tetrahedrite,  and  tennantite,  with 
some  galena  and  zinc  blende.  Sparingly  scattered  through  this  ore 
are  small  specks  of  pyrargyrite,  proustite,  and  here  and  there  realgar 
and  orpiment.  This  ore  carries  from  20  to  30  ounces  of  silver  and 
from  $1.50  to  $3  in  gold.     Commonly  broad  bands  of  quartz  alternate 
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with. similar  bands  of  the  sulphides,  and  the  handing  is  parallel  to  the 
walls  of  the  vein.  In  many  places  the  sulphides,  chiefly  pyrite  and 
arsenopyrite,  constitute  half  the  volume  of  the  vein,  though  quartz 
is  as  a  rule  more  abundant  than  the  sulphides.  Much  of  this  ore  is 
fractured  by  movement  that  has  occurred  since  it  was  depositetl,  and 
many  of  these  fractures  are  healed  by  low-grade  (|uartz  and  rhodo- 
chrosite.  A  seam  of  gouge,  from  1  inch  to  several  inches  wide,  gen- 
erally occurs  on  one  or  both  walls,  and  this  is  more  pronounced  where 
the  vein  itself  is  least  fractured.  More  fragments  of  the  country  rock 
are  inclosed  in  the  ore  on  the  lower  levels  than  on  the  upper  ones. 

In  the  lower  portion  of  the  mine,  about  2,600  feet  below  the  sur- 
face, according  to  authentic  records  of  the  company,  the  vein  was  as 
strong  and  persistent  as  in  the  upj)er  levels,  and  there  was  no  indi- 
caticm  that  it  was  decreasing  in  width,  although  the  values  were 
uniformly  low. 

Enriched  sulphide  ore. — The  seconchirv  sulphide  ore  has  a  gangue 
of  quartz  and  rhodochrosite,  which  contain  or  occur  as  alternating 
bands  with  argentite,  proustitc,  pyrargyrite,  tetrahedrite,  tennantite, 
pyrite,  and  arsenopyrite.  Galena  and  zinc  l)lende  are  locally  abun- 
dant ;  chalcopyrite  and  bornite  are  of  rare  occurrence.  This  ore  carries 
from  50  to  1 ,000  ounces  of  silver  and  from  $4  to  $8  in  gold.  It  extends 
nearly  to  the  surface  at  one  place  and  has  been  re|K)rted  from  level  17, 
but  by  far  the  greater  portion  of  it  occurs  from  300  to  800  feet  below 
the  surface.  Much  of  this  ore  is  fractured  and  in  many  places  the 
ribbonlike  l)an(ls  are  faulted  by  minute  normal  and  reverse  faults, 
which  are  as  a  rule  included  entirely  within  the  vein.  This  fracturing 
appears  to  have  been  produced  along  movement  planes,  which  follow 
the  vein  very  closely.  Probably  more  than  half  the  silver  values  of 
this  ore  are  contained  in  dark  niby  silver,  or  pyrargyrite,  though  light 
ruby  silver,  or  proustite,  is  also  an  important  ore  mineral,  as  are  also 
tetraliedrite,  tennantite,  and  locally  argentite.  By  far  the  greater 
portion  of  tlie  ruby  silver  occurs  in  minute  veinlet^  or  seams  filling 
cracks  in  the  vein,  as  films  on  the  outside  of  crushed  vein  material,  or 
as  crystals  nearly  an  incli  in  diameter  partially  filling  solution  cavities 
in  the  vein.  These  solution  cavities  are  in  general  rudely  ellipsoidal 
in  shape  and,  although  not  connected,  their  longer  axes  lie  approxi- 
mately in  the  same  plane,  which  suggests  that  they  are  parts  of  a 
larger  cavity  which  has  been  almost  com])letely  refilled.  Clear  quartz 
of  later  age  than  that  of  the  remainder  of  the  vein  and  occurring  in 
many  places  as  well-defined  crystals  pointing  to  the  center  of  a  druse 
is  intimately  associated  with  the  ruby  silver  and  like  it  is  of  more 
recent  age  than  the  bulk  of  the  vein  quartz.  The  lower  portion  of  the 
zone  of  secondary  ore  does  not  imiformly  carry  high  values  in  silver. 
Between  levels  6  and  8  of  the  Granite,  al)out  midway  between  the 


GRANITE-BIMETALLIC   AND   CABLE    MINES^  MONTANA.  41 

Ruby  and  Blaine  shafts,  the  vein  carried  high-grade  secondary  silver 
ore,  whereas  on  level  8,  just  below  this  ore,  it  was  composed  of  rhodo- 
chrosite  and  quartz,  cut  by  a  large  number  of  veinlets  of  zinc  blende, 
chalcopyrite,  and  quartz.  Here  the  rhodochrosite  and  early  quartz 
is  distinctly  older  than  the  zinc  blende  and  chalcopyrite,  for  the 
vein  was  opened  and  locally  brecciated  in  the  interim  between  the 
deposition  of  these  minerals.  At  this  place  the  zinc  blende  and  the 
chalcopyrite  are  related  to  the  earlier  minerals  in  the  same  way  that 
ruby  silver  is  above,  and  appear  to  play  a  similar  role.  It  is  probable 
that  they  were  deposited  at  the  same  time,  but  that  the  zinc  blende 
and  chalcopyrite  were  carried  down  farther  at  this  point  by  the  sec- 
ondary solutions.  By  far  the  larger  portion  of  the  dividends  which 
the  mine  has  paid  came  from  the  exploitation  of  the  secondary  sul- 
phide ore. 

Enriched  oxidized  ore. — Above  the  zone  of  enriched  sulphides  is  a 
zone  of  enriched  oxidized  ore,  for  the  most  part  between  the  1 00-foot 
and  400-foot  levels,  but  in  a  few  places  extending  to  the  surface  and  at 
one  place  extending  downward  as  far  as  level  9.  This  ore  is  composed 
of  quartz  stained  with  iron  and  manganese  oxides  and  less  commonly 
with  copper  carbonates.  Cerargyrite  and  native  silver  occur  as  thin 
seams  cutting  through  the  quartz  or  as  films  plastered  on  the  outside 
of  crushed  quartz  fragments.  Associated  with  this  ore  is  a  little 
argentite  and  pyromorphite ;  galena,  zinc  blende,  pyrite,  and  chalco- 
pyrite are  of  local  occurrence.  This  ore  runs  from  300  to  400  ounces 
of  silver  and  from  $5  to  $16  in  gold.  The  value  of  this  oxidized 
zone  is  in  general  less  than  that  of  the  enriched  sulphides. 

Poor  oxidized  ore, — Extending  from  the  surface  down,  in  places  as 
far  as  300  feet  or  more,  is  a  zone  of  poor  oxidized  ore,  consisting  of 
quartz,  for  the  most  part  broken  and  stained  with  iron  and  manganese 
oxides.  It  contains  some  lead  carbonate,  malachite,  azurite,  chryso- 
colla,  pyromorphite,  pyrite,  and  galena.  It  carries  less  than  40  ounces 
of  silver  and  onl}^  a  little  gold  and  has  never  been  exploited  with  profit. 
This  portion  of  the  vein  was  so  unpromising  that  the  claims  were  once 
abandoned  by  prospectors,  before  the  richer  ores  were  discovered. 

This  oxidized  zone  has  resulted  from  incomplete  oxidation  of  the 
secondary  sulphides.  The  apex  of  this  zone,  which  is  the  apex  of  the 
vein,  has  been  leached  of  the  greater  part  of  its  silver  and  gold  values, 
and  this  leaching  appears  to  have  extended  in  a  few  places  as  far  as 
400  feet  below  the  surface.  The  presence  of  sulphides  in  this  ore, 
however,  shows  that  even  here  the  oxidation  is  not  complete.  Small 
bunches  of  galena,  with  which  a  little  argentite  is  probably  associated, 
occur  here  and  there  in  this  zone  and  are  unoxidized  remnants  of  sec- 
ondary sulphides.  Some  massive  low-grade  pyrite,  which  shows  no 
sign  of  postmineral  crushing,  occurs  similarly  at  this  horizon  and  may 
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be  a  remnant  of  pri»iar\  or(  flmt  was  ni>t  involve<i  in  movpineat  sub- 
&e<(uent  to  veinint;  an<l  was  tliorrfore  in  a  jmsition  unfavorable  to 
oiiri<hni(>nt.  Tlie  luw-grade  polite 
tnslaK  which  occur  locally  in 
(Inisos  are  of  seconciarj-  origin  and 
of  more  re<'eiit  ^^e  than  the  massive 
|nnte  of  the  vein. 

IhntnhiitiiiH  iiffayore. — The  man- 
ner <if  iK'currt'iice  of  f>re  in  the  vein 
is  shown  in  fiji;.  :{.  In  tliis  figure  no 
attempt  is  made  to  ahow  the  hori- 
zontal iKtsition  of  the  various  types 
of  ore  in  the  vein,  hut  the  areas  show 
(jiiantitafively  the  relative  amounts 
of  each  type  of  ore  at  various 
depths.  Kacli  of  these  zoneu  is  cut 
by  Z(»nos  above  it.  ami  the  upper 
zones  (le.scenticii  farther  where  the 
Iirecciation  of  the  vein  favored  the 
ilownward  circulaticm  of  water. 
Tlip  jiay  ore  is  practically  limited  to 
the  enriched  oxide  ami  the  enriched 
.sulphiile  zones,  though  a  considei^ 
able  amount  of  the  low-grade  pri- 
mary ore  has  been  mined. 

The  prin<-ipal  ore  body  ja  a  tabu- 
lar ma-ss.  in  the  main  from  2  to  10 
feet  wide  and  about  4,500  feet  long. 
The  surface  slopes  to  the  west  and 
eonse(}iiently  the  {i^atest  depth  ia 
obtained  in  the  eastern  portion  of 
the  mine,  where  the  ore  extends 
il<mnward  more  than  2,600  feet  be- 
low the  surface.  The  west:  end  of 
the  ore  body  has  l>een  explored  to  a 
depth  of  about  1,600  feet.  Be- 
tween the  eastern  an<l  western 
boundaries  the  ore  is  continuous  in 
the  upper  levels,  but  in  the  lower 
levels  a  large  part  of  the  vein  near 
the  central  portion  of  the  mine  ia 
narrow  or  of  too  low  grade  to  work. 
The  form  of  the  shoot  of  payable 
ore,  therefore,  is  something  like 
that  of  a  flat  arch,  tlie  ore  pitch- 
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ing  in  both  directions  away  from  the  keystone,  which  is  assumed  to 
be  about  300  feet  west  of  the  Ruby  shaft.  The  rich  ore,  however,  is 
closely  related  to  the  topography  of  the  country  and  occurs  for  the 
most  part  between  200  and  800  feet  below  the  apex  of  the  vein. 

Where  other  veins  unite  with  the  Granite  vein  along  a  nearly  verti- 
cal line,  there  are  no  marked  effects  of  enrichment;  but  the  richest  por- 
tion of  the  vein  occurs  just  above  the  imion  of  several  veins  which 
joined  along  a  nearly  horizontal  line.  This  is  the  great  bonanza, 
east  of  the  Ruby  shaft,  between  levels  3  and  8. 

Probable  genesis, — The  bonanza  ores  of  the  mine  are  unquestionably 
the  result  of  secondary  enrichment  by  descending  waters;  but  it  can 
not  safely  be  assumed  that  the  primar^'^  ores  were  everywhere  even 
approximately  of  equal  tenor.  The  great  bonanza  east  of  the  Ruby 
shaft  was  very  much  richer  than  secondary  ore  occupying  elsewhere 
a  similar  position  in  the  vein,  and  probably  resulted  from  primary 
ore  of  relatively  high  grade.  The  average  of  the  low-grade  ore  in  the 
lower  levels  of  the  mine  carries  about  25  ounces  in  silver.  The  aver- 
age in  the  bonanza  east  of  the  Ruby  shaft,  as  shown  by  annual  mill 
runs,  was  about  175  ounces.  This  rich  zone  has  an  average  vertical 
extent  of  about  400  feet,  and  if  we  assume  that  it  has  resulted  from 
the  enrichment  of  a  primary  ore  carrying  25  ounces  of  silver  in  a  vein 
of  constant  width,  it  would  require  6  times  400  feet,  or  2,400  feet  of 
25-ounce  vein  material,  to  produce  this  bonanza,  and  the  original 
vein  before  denudation  would  then  have  had  a  vertical  extent  of  at 
least  5,000  feet.  Near  the  Blaine  shaft,  between  levels  3  and  7,  the 
ore  averaged  about  100  ounces  for  a  vertical  distance  of  about  350 
feet.  If  this  ore  has  resulted  from  the  enrichment  of  25-6unce  rock, 
it  would  require  the  erosion  of  1,050  feet  of  the  vein  from  above  its 
present  apex,  provided  all  of  the  values  were  redeposited.  This 
would  give  a  minimum  vertical  extent  of  about  2,850  feet  for  the 
original  vein  here  before  denudation.  There  has  probably  been  more 
than  2,400  feet  of  erosion  since  the  granite  was  intruded  into  the  sedi- 
mentary rocks,  for  the  Flathead  quartzite,  the  earliest  Cambrian  for- 
mation, now  outcrops  at  the  contact  with  the  granite.  The  entire 
Paleozoic  section  above  the  Flathead,  as  well  as  later  sedimentary 
rocks,  has  probably  been  eroded  from  the  quartzite  since  the  intru- 
sion. If  the  vein  was  formed  soon  after  the  soliclification  of  the  granite 
there  has  been  ample  erosion  to  account  for  any  probable  amount  of 
enrichment,  but  as  it  is  likely  that  the  ore  east  of  the  Ruby  shaft 
was  primarily  richer  than  that  west  of  the  Blaine  shaft,  an  estimate 
below  2,400  feet,  so  far  as  the  vein  itself  is  concerned,  appears  to  be 
safer.  In  either  case  the  vertical  extent  of  the  vein  was  very  great, 
and  when  this  is  considered,  together  with  its  persistence  horizontally 
and  its  width  in  the  lower  levels  of  the  mine,  it  appears  very  probable 
that  the  ore  was  deposited  by  ascending  waters.     The  veins  of  the 
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group  of  which  the  Granite  is  the  most  important  meml)er  cut  both 
granite  and  sedimentary  rocks,  hut  do  not  extend  very  far  from  the 
contact.  This  points  to  the  granite  or  to  some  later  igneous  rock 
below  it  as  the  probable  source  of  the  ores. 

PRACTICAL   DEDI'CTIOXS. 

The  country  to  the  north,  east,  and  south  of  the  Granite-Bimetallic 
lode  is  traversed  by  silver-gold  veins,  which  are  smaller  and  of  lower 
grade  but  otherwise  of  the  same  general  character  as  the  granite  vein. 
Their  strike  varies  less  than  25°  from  east  and  west  and  in  most  places 
is  a  little  north  of  east,  approximately  parallel  to  the  granite  vein. 
Nearly  all  dip  more  than  70°  to  the  south.  They  traverse  both  the 
granite  and  sedimentary  rocks  and  cross  tlie  contact,  where  they  are 
commonly  displaced  by  faults  apparently  of  small  throw.  Their 
walls,  like  those  of  the  Granite  vein,  are  well  defined  in  the  granite 
but  much  less  sharply  defined  in  the  sedimentary  rocks,  especially 
in  the  limestone,  where  they  become  replacement  veins.  At  some 
places  they  are  faulted  by  cross  faults  other  than  those  at  the  granite 
contact.  The  Headlight  vein,  which  cuts  across  the  bedding  of  lime- 
stone, is  displaced  by  a  number  of  normal  faults  that  follow  the  bed- 
ding planes  of  the  limestone.  The  ore  minerals  are  essentially  the 
same  as  those  of  the  Granite  vein,  though  there  appears  to  be  a  higher 
percentage  of  rhodochrosite  in  the  veins  where  limestone  is  the 
country  rock.  Near  the  surface  this  alters  to  black  manganese  oxide, 
which  has  been  mined  to  a  small  extent  for  that  metal.  The  Trout 
vein  is  the  most  important  of  this  group  of  silver  veins  and  has  pro- 
duced several  hundred  thousand  dollars'  worth  of  ore. 

Of  the  veins  in  the  granite  to  the  north  of  the  Granite-Bimetallic 
lode  a  number  have  been  prospected  for  more  than  a  thousand  feet 
along  the  strike,  and  considerable  stoping  has  been  done.  None  of 
them,  however,  has  produced  much  more  than  $100,000  in  silver  and 
gold,  and  few  have  paid  for  the  work  expended  on  theiiL  Though 
they  are  persistent  along  their  strike,  easily  folk) wed,  and  many  of 
them  of  satisfactory  grade,  they  are  in  few  places  of  payable  width. 

From  analogy  with  the  Granite  vein  the  depth  at  which  the  rich- 
est ore  should  be  found  in  these  veins  is  from  200  to  700  feet  below 
the  surface,  and  the  tops  of  the  richest  ore  shoots  should  be  found 
not  more  than  400  feet  deep  and  in  most  places  much  nearer  the 
apex  of  tlie  vein.  Considerable  ])rospecting  has  been  done  at  this 
depth  in  secondary  sulpliide  ores.  In  tlie  country  to  the  northeast 
and  east  of  tlie  Granite  mine  there  are  numerous  outcrops  of  quartz 
veins  that  have  been  prospected  only  superficially.  If  there  are 
shoots  of  rich  ore  in  these  veins,  their  highest  point  will  likely  be 
found  almost  invariably  within  200  feet  of  the  surface,  though  it  is 
possible  that  tlie  highest  point  of  some  will  be  100  or  in  a  few  places 
even  200  feet  lower. 
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In  a  number  of  places  a  sheeted  zone  of  granite,  produced  by  sev- 
eral closely  spaced  parallel  fracture  planes  and  containing  a  little 
crushed  quartz,  has  been  followed  with  the  hope  that  the  walls  of 
the  crushed  zone  will  eventually  inclose  good  ore.  There  is  little 
basis  for  such  a  hope,  since  the  sheeting  is  to  a  great  extent,  and 
probably  in  many  places  entirely,  due  to  movement  subsequent  to 
veining. 

North  of  Philipsburg,  bordering  on  the  area  traversed  by  the  fis- 
sure veins  just  described,  are  the  bedding-plane  replacement  depos- 
its of  Hope  Hill.  They  are  of  considerable  economic  importance 
and  have  produced  several  million  dollars^  worth  of  silver.  These 
deposits  are  not  discussed  in  this  paper.  The  structural  features  of 
greatest  economic  importance  in  connection  with  them  are  the  post- 
mineral  faults,  which  cross  them  at  a  considerable  angle  with  the 
bedding  of  the  coimtry  rock.  By  far  the  greater  portion  of  these 
faults  are  normal,  which  generally  implies  a  downthrow  of  the  hang- 
ing wall. 

CABLE  MINE. 
LOCATION    AND   HISTORY. 

The  Cable  mine  is  situated  near  the  head  of  Cable  Creek,  about 
8  miles  southeast  of  the  Granite  mine  and  13  miles  northwest  of 
Anaconda.  It  is  7  J  miles  above  Browns  Siding,  the  terminus  of  the 
Butte,  Anaconda  and  Pacific  Railway.  It  was  discovered  in  1866, 
and  in  1867  the  Nowlan  mill  was  built,  where  9,000  tons  of  ore  were 
treated,  giving  a  production  of  $172,000.  According  to  Government 
reports  the  total  production  of  the  mine  up  to  1872  was  $400,000. 
The  placer  just  below  the  apex  of  the  ore  body  was  very  productive, 
and  in  1872  $18,000  was  taken  out  in  eight  weeks.  Some  of  the 
ore  from  the  mine  was  unusually  rich,  and  a  single  ton  is  said  to 
have  yielded  $30,000.  A  nugget  of  gold  from  this  mine,  worth  $375, 
was  shown  by  Solon  Cameron  at  the  Centennial  Exhibition. 

In  1877,  J.  C.  Savery  bought  the  mine  and  built  a  liew  mill,  which 
was  operated  until  1891.  During  this  period  more  than  $2,000,000 
in  gold  was  taken  from  the  mine.  The  ore  was  free-milling  and  of 
good  grade.  Most  of  it  came  from  the  Cornish,  Square  Set,  and 
Lake  stopes,  from  100  to  300  feet  below  the  surface. 

The  ore  shoots  being  apparently  exhausted,  the  mine  was  idle 
from  1891  to  1900.  Later  the  management  was  obtained  by  F.  W.  & 
H.  C.  B acorn,  who  inaugurated  a  vigorous  plan  of  development 
with  a  view  to  opening  up  new  ore  bodies  in  the  lower  levels.  In 
their  hands  a  moderate  production  has  been  sustained  and  consid- 
erable new  ground  has  been  prospected.  The  total  production  of 
the  mine  since  discovery  is  from  $3,000,000  to  $4,000,000. 
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DEVELOPMENT    AXI>    EQlIPMEXT. 

A  crosscut  tunnel  SSS  fo(»t  lonjj  roa<*lu\s  the  ore  zone  alMUit  245 
feet  below  the  surface  and  continues  alon*^  its  general  strike  for 
about  2,000  feet.  The  width  of  this  zone  is  from  SO  to  360  feet,  an<l 
it  has  been  explored  by  a  lar^e  ninnlH»r  of  crosscuts  and  raises  from 
this  level.  There  is  an  enj^ine  station  about  1,000  feet  from  the 
portal  of  the  main  adit  and  a  winze  from  which  levels  are  run  65, 
140,  and  214  feet  below  the  tunnel  level.  The  lowest  workings  are 
a  little  more  than  500  feet  below  the  surface.  Above  the  adit  tliree 
levels  are  run  from  shafts  now  abandoned,  and  these  workings  are 
connected  by  stopes  and  raises  with  those*  below.  The  total  devel- 
opment by  crosscuts  and  drifts  is  about  7,500  feet. 

The  walls  stand  remarkably  well  and  very  little  timbering  is  nec- 
essary. The  huge  cavities  from  which  the  ore  has  been  removed 
have  remained  for  years  without  sign  of  approaching  collapse.  Of 
these  the  Coniish,  Square  Set,  and  Showers  stoi)es  are  above  the 
tunnel  level.  The  Cornish  stope  is  a  rudely  cylindrical  cavity  just 
above  the  engine  station,  inclined  toward  the  west  alM)ut  30*^.  It  is 
about  50  feet  in  maximum  diameter,  125  feet  long,  and  its  top  is 
about  65  feet  higher  than  its  base,  which  is  just  a  few  feet  above 
the  tunnel  level.  The  Square  Set  stope  is  ejujt  of  and  above  the 
Cornish  stope,  with  the  top  of  which  its  base  is  ccmnected.  Its  plan 
is  rudely  elliptical  and  it  extends  upward  witliin  50  feet  of  the  sur- 
face. The  Showers  sto})e  is  about  100  feet  west  of  the  engine  sta- 
tion, its  base  being  that  of  the  adit  level.  It  is  ab(mt  30  feet  long, 
15  feet  wide,  and  20  feet  high.  The  Lake  stope  is  a  few  feet  north 
of  the  engine  station  and  is  a  long,  fiat-lying  opening,  almost  cylin- 
drical in  shape.  It  is  320  feet  long,  40  feet  wide,  and  from  15  to  30 
feet  high.  Its  roof  is  approximately  at  the  level  of  the  floor  of  the 
adit.  On  the  65-foot  level  there  is  a  large  stope  below  the  west  end 
of  the  Lake  stope  and  connected  with  it,  and  there  are  several  smaller 
stopes  on  the  lower  levels  both  east  and  west  of  the  hoist. 

The  mine  is  equipped  with  air  compressors,  tliat  furnish  power  for 
hoist,  pump,  and  drills.  Two  diamcmd  drills  are  operated  continu- 
ously, since  it  is  necessary  to  j)rospect  tlie  entire  ore  zone,  which  has 
an  average  widtli  of  about  200  feet.  The  cores,  which  aggregate 
several  thousand  feet,  are  kept  accessible  at  all  times  and  the  records 
are  carefully  plotted  in  the  office. 

The  mill  is  located  just  below  the  portal  of  the  tunnel  and  is 
equipped  with  two  Blake  crushers  and  thirty  Frazicr  &  Chalmers 
stamps.  A  fair  saving  is  made  by  simj)le  amalgamation,  even  with 
the  sulphide  ores;  the  extraction  is  said  to  run  from  80  to  90  percent. 
In  the  autumn  of  1896  experiments  were  made  with  a  view  to  adding 


GRANITE-BIMETALLIC   AND   CABLE    MINES,  MONTANA.  47 

concentrating  machinery  to  the  plant.  The  concentrates,  though 
low  in  gold,  carried  sufficient  copper  and  iron  to  make  them  a 
by-product  of  value. 

GEOLOGY. 

Country  rock. — The  ore  deposits  occur  in  the  Wolsey  shale  and 
Meagher  limestone.  The  Wolsey  shale  is  in  most  places  a  rather 
fissile  olive-green  to  black  formation  from  100  to  300  feet  thick.  The 
Meagher  limestone  is  a  thick-bedded  medium-grained,  nearly  white 
to  dark-gray  limestone,  somewhat  gritty  on  weathered  surfaces.  Its 
usual  thickness  is  about  400  feet.  The  Wolsey  shale  rests  upon  the 
Flathead  quartzite  and  in  turn  is  overlain  by  the  Meagher  limestone. 
The  relation  of  these  rocks  with  later  ones  is  given  in  the  geologic 
section  (p.p  33-34). 

These  formations  have  been  cut  by  two  intrusive  masses  of  granite 
in  such  a  manner  as  to  form  a  long  narrow  belt  of  sedimentary  rocks, 
chiefly  Meagher  limestone,  closely  confined  between  granite  walls. 
The  southwestern  granite  mass  covers  an  area  of  several  square 
miles  and  extends  nearly  to  the  Southern  Cross  and  Gold  Coin  mines. 
This  granite  body  forms  the  south  wall  of  the  ore  zone.  The  northern 
intrusive  is  much  smaller  and  its  outcrop  is  relatively  long  and  nar- 
row, so  that  its  form  suggests  that  of  a  dike  approximately  parallel  to 
the  contact  of  the  larger  mass.  These  two  intrusives  are  in  the  main 
from  50  to  360  feet  apart,  and  though  each  sends  off  small  apophyses 
toward  the  other,  connection  between  the  two  has  not  yet  been 
foimd.  The  strike  of  the  ore  zone,  as  determined  by  the  granite  con- 
tacts which  limit  it,  is  about  northwest.  The  attitude  of  the  sedi- 
mentary rocks  in  the  mine  can  not  everywhere  be  made  out,  but  their 
general  strike  is  probably  close  to  that  of  the  ore  zone  and,  locally  at 
least,  their  dip  is  nearly  90°.  The  granite  is  medium  grained  and 
composed  essentially  of  feldspar,  quartz,  mica,  and  hornblende.  It 
is  in  most  places  fresh  and  very  much  resembles  the  granite  that  forms 
the  country  rock  of  the  Granite  mine,  near  Philipsburg,  though  the 
two  bodies  are  not  connected  in  outcrop. 

Contact  metamorphism. — ^The  sedimentary  rocks  are  greatly  meta- 
morphosed near  their  contact  with  the  granite.  The  upper  part  of 
the  Wolsey  formation  is  a  calcareous  shale  and  changed  very  readily 
to  a  rock  composed  chiefly  of  pyroxene,  amphibole,  garnet,  magnetite, 
epidote,  and  mica.  Rocks  of  this  composition  outcrop  on  the  surface 
north  of  the  ore  zone,  and  angular  masses  of  garnet  rock  more  than  a 
foot  in  diameter  occur  at  several  places  in  the  lower  levels  of  the 
mine.  They  are  especially  numerous  on  the  north  wall  of  the  214- 
foot  level.  The  contact-metamorphic  minerals,  especially  garnet  and 
epidote,  are  in  many  places  concentrated  along  the  bedding  planes  of 
the  altered  shale  to  a  certain  extent,  and  this  is  also  true  of  pyrite. 
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The  XlcaglitT  liiiiCHtoiii'  1ms  hot'ii  extensively  reerystallizcd  near  the 
^anito  intrusive,  and  uiiliin  the  entire  ore  zone  it  has  been  clianged 
to  a  innrblc  of  which  the  griiin  varies  firoatly.  The  coimiionest  facies 
is  a  wliitc  or  li};ht-}^ay  marble  eom|Kised  of  interlocking  grains  of 
calcite  that  arc  a  little  smaller  than  grains  of  wheat.  Very  com- 
monly this  grades  Into  a  marble  txtinposed  in  the  main  of  interlocking 
crystals  of  caleile  several  inches  in  diameter.  An  the  grain  of  the 
marble  increases  a  considerable  proportion  of  quartz,  iron  oxides,  and 
iron  and  copper  sulpludes  begins  to  apj>ear,  and  in  the  coarsest  vari- 
eties these  minerals  are  as  a  rule  present  in  considerable  quantities. 
The  coarsely  crystalline  caleile  ocx'urs  throughout  the  ore  zone,  but 
is  most  abundant  near  the  granite  contacts. 

Stagnetite  is  present  throughout  the  ore  zone  as  large,  irregular 
bodies  that  have  apparently  no  relation  to  the  bedding  ])lane!j  of  the 
rocks.  These  bodies  are 
conJiiied  to  the  lime- 
sLune  and  occur  on  all 
levels.  The  magnetite 
bodies  are  rudely  ellip- 
soidul  in  outline,  and 
some  of  them  are  at 
least  100  feet  in  diam- 
e;er.  One  of  the  larger 
ma^jsos  lies  just  west  of 
the  engine  station  and 
forms  in  part  the  west 
wallof  theCornishstope, 
Mica  veins. — Veins 
ui  phaicopyriti-;  h,  pRiiiitc  composed  of  green  mica 

occur  ui  many  places  at  the  contact  between  granite  and  limestone 
or  magnetite  and  limestone,  and  apart  from  the  contact  they  have 
been  noted  cutting  the  magnetite.  These  veins  are  from  1  to  3 
inches  wide  and  are  composed  of  crj'stals  of  green  mica  about  an  inch 
in  diameter.  They  are  probably  of  pegmatitic  origin  and  are  of  later 
age  than  the  granite  and  the  magnetite,  and  they  inay  represent  an 
end  phase  of  the  granitic  intrusion. 

Age  relations.- — The  genera)  relations  of  the  various  rocks,  as  shown 
by  their  contacts,  can  be  briefly  stated.  Shale  and  limestone  are 
the  earliest  rocks,  and  limestone  is  cut  by  granite  and  magnetite  and 
by  veins  of  mica  pegmatite.  Granite  cuts  the  sedimentary  rocks 
only  and  does  not  cut  magnetite.  Magnetite  cuts  limestone  and 
probably  follows  the  granite  in  age.  The  mica  veins  cut  all  the 
other  rocks  and  are  therefore  of  later  age. 

The  recrystallization  of  the  limestone  continued  after  the  granite 
had  solidified  and  had  been  fractured.  Nximerous  veins  of  the  calcite 
cut  the  granite.     Fig.  4  shows  a  block  of  granite  40  feet  below  the 
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northwest  end  of  the  Lake  slope;  it  is  about  3  feet  in  diameter  and 
is  completely  surrounded  by  coarsely  crystalline  calcite  containing 
quartz,  pyrite,  and  chalcopyrite  and  is  cut  by  veins  of  the  same 
material  from  1  to  3  inches  wide.  Similar  veins  cut  the  limestone  and 
more  sparingly  the  magnetite.  The  coarsely  crj^stalline  calcite 
grades  into  the  limestone  and  commonly  the  contact  is.  frozen  so 
tightly  that  in  milling  it  is  necessary  to  treat  a  considerable  amount  of 
barren  limestone  with  the  calcite  ore. 

Fissures. — Fissures,  later  than  the  ore,  cross  the  ore  zone  at  several 
places.  On  the  tunnel  level,  250  feet  southeast  of  the  engine  station, 
a  fault  striking  N.  70°  E.  dips  to  the  east  about  70°.  East  of  the  fault 
the  southern  contact  of  granite  and  limestone  has  moved  about  18  feet 
to  the  north.  Other  fissures  cut  across  the  ore  zone  at  various  angles, 
but  the  displacement  along  them  is  not  great.  Most  of  these  fissures 
carry  a  few  inches  of  gouge,  but  are  not  mineralized.  There  are 
also  faults  of  earlier  age  than  these,  but  later  than  the  granite  intru- 
sion. It  is  not  possible  to  follow  these  earlier  fissures  in  the  coarsely 
crystalline  calcite  on  account  of  complete  recementation,  and  they  are 
probably  more  numerous  than  they  appear  to  be.  The  breccia tion  of 
the  tongues  of  granite  is  of  the  same  age  as  this  fissuring,  which  prob- 
ably occurred  soon  after  the  granite  became  hard  but  before  it  became 
cold,  since  there  was  much  recrystallization  afterwards.  These  fis- 
sures are  healed  by  coarsely  crystalline  calcite  and  quartz;  the  princi- 
pal ore  bodies  do  not  appear  to  be  related  to  them,  however,  but  are 
altogether  irregular  in  outline. 

ORE    DEPOSITS. 

General  character. — The  ore  deposits  are  large,  irregular  bodies  of 
calcite  and  quartz,  containing  a  large  amount  of  mixed  iron  and  cop- 
per sulphides  and  iron  oxides.  These  are  confined  to  a  long,  narrow 
zone  of  limestone  and  calcareous  shale  that  trends  southeastward  and 
is  bounded  by  two  granite  intrusives,  the  walls  of  which  are  steeply 
inclined,  nearly  parallel,  and  from  80  to  360  feet  apart.  The  nonmet- 
allic  minerals  are  calcite,  quartz,  baritc,  and  dolomite,  of  which  cal- 
cite is  most  abundant.  The  original  metallic  minerals  are  pyrite, 
chalcopyrite,  pyrrhotite,  arseno[)yrite,  magnetite,  specularite,  and 
gold.  Marcasite  should  perhaps  be  placed  in  this  class,  also.  The 
secondary  metallic  minerals  are  hematite,  limonite,  manganese  oxide, 
siderite,  malachite,  azurite,  chrysocolla,  bornite,  chalcocite,  gold,  and 
copper. 

In  most  of  the  ore  of  the  lower  levels  calcite,  quartz,  P3rrite,  and 
chalcopyrite  are  interlocking,  irregular  bodies,  which  apparently 
were  deposited  at  one  time.  When  a  magnet  is  passed  over  the 
crushed  ore,  there  is  nearly  always  a  separation  of  magnetite  and 
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pyrrhotite.  Though  the  sourt'o  of  the  calcite  is  the  limestone  or 
countr}^  rock,  the  calcium  car!>onate  lias  migrated  to  a  certain  extent 
and  has  l)een  redeposited  with  the  other  minerals. 

Gold  occure  finely  disseminate<l  in  calcite,  quartz,  pyrite,  pyrrho- 
tite, and  chalcopyrite,  as  large  nuggets  associated  with  these  miner- 
als or,  less  commonly,  as  thin  sluH^ts  following  the  cleavage  of  calcite. 

In  the  table  on  page  55  comparisons  are  made  of  the  minerals  of  the 
Cable  and  Granite-Bimetallic  mines. 

As  already  stated,  the  valuable  ore  deposits  are  confined  to  the 
sedimentar}'  rocks.  The  calcite  stringers  which  cut  the  granite  are 
small  and  of  low  grade  and  have  never  bet»n  considered  of  economic 
value.  Tlie  ore  is  so  irregularly  distributed  in  the  sedimentaiy  rocks 
that  the  entire  zone  is  regarded  as  the  vein,  and  must  be  prospected 
from  wall  to  wall  bv  crosscuts  and  drill  holes  in  order  that  no  ore 
bodies  shall  be  overlooked.  This  ore  zone  strikes  southeastward,  is 
rudely  tabular  and  nearly  upright,  and  has  been  partially  explored 
undergromid  for  about  1,800  feet  along  its  strike;  on  the  surface  it 
appears  to  extend  farther  northwest  along  the  same  general  course; 
its  vertical  extent  is  unknown,  but  has  been  proved  for  about  600 
feet.  On  the  tunnel  level  the  walls  or  granite  boundaries  are  for 
the  most  })art  about  240  feet  apart  and  nearly  parallel.  The  contact 
plane  of  the  north  wall  dips  vSO°  to  90°  NE.  The  plane  of  the  south 
wall  is  veiy  irregular  and  from  the  tunnel  level,  nearihe  engine  station, 
has  a  low  dip  northeastward  to  the  level  65  feet  below,  so  that  at 
this  point  the  ore  zone  is  only  about  SO  feet  wide.  Below  the  65-foot 
level  the  contact  di])s  again  to  the  soutlnvest,  so  that  the  ore  zone  is 
about  125  feet  wide  below  tliis  point,  on  the  214-foot  level."  The  out- 
line of  the  ore  zone  is  irregular  also  on  accoimt  of  the  small  tongues  of 
granite  that  project  into  the  limestone  and  the  blocks  of  gi*anite  that 
are  portions  of  such  tongues  detached  and  broken  by  subsequent 
movement. 

The  reciystallization  of  the  limestone  into  medium-grained  or 
coarser  marble  is  general;  and  in  tliis  metainorphism  the  entire  ore 
zone  was  involved.  The  formation  of  the  coarse  calcite  or  ore  may 
have  occurred,  to  a  considerable  extent,  along  structural  lines,  such 
as  planes  of  early  movement  and  bedding  planes,  but  if  so  these  were 
apparently  so  irregular  and  complex  that  they  can  now  be  traced  only 
in  exceptional  cases  and  then  only  for  short  distances.  On  the  214- 
foot  level  in  at  least  one  place  the  ore  followed  for  a  short  distance 
what  appeared  to  be  the  original  bedding  planes  of  the  limestone. 
That  the  coarsely  crystalline  calcite  or  ore  in  some  places  follows  lines 
of  movement  is  shown  on  the  tunnel  level,  just  east  of  the  entrance  to 
the  Lake  stope.  Here  three  flat,  nearly  horizontal  bodies  of  granite 
occur  at  different  elevations  and  in  positions  which  show  them  to  be 

a  Recent  drilling  shows  that  it  is  much  wider  than  this  east  of  the  shaft  on  this  level. 
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broken  pieces  of  a  larger  mass;  the  lines  of  faulting  by  which  they 
were  separated  have  been  entirely  obliterated  and  the  blocks  are  now 
surrounded  by  coarse  calcite;  the  planes  where  the  faults  once 
passed  show  no  signs  of  movement,  but  are  completely  recemented 
by  coarse  caicite,  in  every  way  resembling  that  which  surrounds  the 
granite  blocks  elsewhere.  Since  the  faulting,  the  recrystallization 
has  been  complete. 

The  primary  ore  is  the  coarse  calcite  carrying  a  variable  amount  of 
quartz,  pyrite,  chalcopyrite,  pyrrhotite,  arsenopyrite,  magnetite,  hem- 
atite (specularite),  and  gold.  These  minerals  appear  to  have  been 
deposited  at  the  same  time  and  each  of  them  has  been  noted  in  the  lower 
levels  of  the  mine.  The  metallic  minerals  as  a  rule  occur  as  irregular 
masses  in  the  spar  and  quartz,  but  locally  as  bands  alternating  with 
them.  In  this  ore  the  gold  is  for  the  most  part  finely  disseminated  in 
the  rock,  but  rich  ore  containing  masses  of  gold  larger  th»,n  a  grain 
of  wheat  has  been  found  on  the  lowest  level  of  the  mine.  Some  of 
the  larger  bodies  of  gold  may  be  of  primary  origin.  A  mine  speci- 
men as  big  as  a  walnut  contains  about  half  pyrrhotite  and  half  gold. 
The  association  of  oxides  and  sulphides  is  common  in  all  of  the  ores 
from  all  parts  of  the  mine.  In  the  lowest  level  copper  ore  is  found 
in  which  films  of  bornite  and  chalcocite  coat  masses  of  chalcopyrite. 
There  is  a  considerable  quantity  of  this  ore  along  the  north  granite 
contact  on  the  214-foot  level. 

The  oxidized  ore  has  so  far  proved  the  richest  of  the  mine.  This 
occurs  near  the  tunnel  level  and  in  the  ground  above  it  and  is  charac- 
terized by  a  large  amount  of  hematite  and  limonite.  It  contains 
more  silica  and  less  calcite  than  the  sulphide  ores.  Some  of  the 
oxidized  ores  from  the  upper  workings  carried  considerable  copper, 
and  several  thousand  tons  of  tailings  from  ore  milled  years  ago,  before 
the  present  mill  was  built,  were  found  to  pay  handsomely  when 
smelted  for  their  copper  content.  The  average  of  analyses  of  seven 
cars  of  these  tailings  shipped  to  the  Anaconda  smelter  is  as  follows: 

Average  analysis  of  tailings  from  the  upper  and  partly  oxidized  ores  in  Cable  mine. 

Silver ounces  per  Ion . .     0. 15 

Gold •. per  ton. .  |2. 97 

Copper. per  cent . .     3. 06 

Insoluble  matter do 19. 1 

FeO do ....  38. 3 

CaO do. . . .  10 

Moisture do 11.  2 

COg  (estimated ) do 8 

Tailings  from  sulphide  ores  milled  later  and  from  lower  levels  do  not 
carry  such  high  values  in  copper,  so  it  appears  that  there  was  a 
copper-enriched  zone  in  the  upper  part  of  the  mine.  The  sulphide 
copper  ore  on  the  214-foot  level  is,  however,  still  richer  in  copper  than 
the  tailings  from  the  ore  near  the  surface. 


52  CONTKIBUTIOKS   TO    ECONOMIC   GEOLOGY,  1906,  PABT   I. 

Distribution  of  ore  in  the  deposits. — The  (iistribution  of  ore  in  the 
ore  zone  is  extremely  irregular.  The  lar^st  and  richesyt  body  of 
ore  was  the  Coniish  ore  shoot,  a  niidelv  cvHndrical  mass  inclined  from 
the  horizontal  toward  the  west,  and  occupying^  approximately  the 
Cornish  stope,  described  on  paji:e  46.  Above  this  and  connected  ^ith 
it  is  the  S({uare  Set  ore  shoot,  which  continues  upward  at  a  steeper 
an^le  to  the  surface.  The  Showers  ore  shoot,  about  100  feet  west 
of  the  enj];ine  station,  is  in  hne  with  the  other  two,  but  a  large  irregu- 
lar body  of  magnetite  is  situated  between  them.  The  magnetite 
forms  the  northwestern  boundary  and  a  i)art  of  the  base  of  the 
Cornish  ore  l)ody.  The  three  ore  l)odies  appear  to  be  connected 
to  the  south  of  the  magnetite  body  by  coars(»ly  crystalline  calcite 
and  (juartz.  The  plane  of  these  ore  bodies  is  near  the  center  of  the 
ore  zone  and  makes  a  small  angle  with  its  strike,  trending  more 
nearly  east  and  west.  Still  another  group  of  ore  bodies  occm^  to 
the  north  of  this  one,  lying  close  to  the  north  Granite  contact.  It 
is  not  connected  by  ore  with  the  Cornish  group.  ()f  the  northern 
group  the  Lake  ore  shoot  is  l)y  far  the  largest  and  most  productive. 
The  shape  of  this  ore  body  was  nearly  that  of  a  thin  cylinder  about 
320  feet  long — ap])roximately  the  shape  of  the  Lake  stope,  described 
on  page  46.  Its  northwest  end  is  connected  by  low-grade  sulphide 
ore  with  an  ore  l)ody  just  l)elow  and  a  little  farther  north  on  the 
65-foot  level,  l)elow  which  there  are  still  others  on  the  140-foot 
and  214-f()ot  levels.  In  these,  however,  the  ore  does  not  extend 
eastward  as  far  as  in  the  Lake  ore  bod  v.  All  the  ore  bodies  of  tliis 
group  are  closer  to  the  northeast  wall  than  to  the  southwest  wall 
and  are  nortli  of  and  l)elow  the  Cornish  group.  The  Sipiare  Set  and 
Cornish  stoi)es  are  connected  by  ore,  as  are  the  Lake  stope  and  the 
stope  on  the  65-foot  level.  If  the  central  ])oint  of  each  of  the  ore 
bodies  is  plotted  not  more  than  three  such  points  fall  in  approxi- 
mately the  same  ])lane.  Since  any  three  points  have  a  common 
plane,  it  is  clear  that  the  ore  l)odies  are  not  related  to  a  plane  like 
ore  shoots  jn  a  fissure  vein.  The  ore  occurs  in  general  a  few  feet 
away  from  the  granite,  and  only  in  tlie  Lake  stope  and  its  continu- 
ation on  the  level  below  did  the  st()])ing  extend  to  the  granite.  Owing 
to  the  close  confinement  of  the  ore  zone  l)etween  the  granite  walls 
no  point  in  the  zone  is  more  than  200  feet  from  granite. 

Genesis  of  the  ore. — The  form  and  general  character  of  the  ore 
bodies  show  that  they  are  replacement  deposits.  They  can  not 
be  classed  as  replacement  veins  or  stocks,  for  their  boundaries  are 
approximately  cylindrical  or  rudely  splierical,  and  a  single  ore  body 
does  not  extend  very  far  in  any  one  direction.  Taken  as  a  whole 
they  show  little  or  no  alignment. 

Of  the  minerals  of  contact-metamorpliic  origin  amphibole,  calcite, 
garnet,  mica,  and  epidote  are  present  in  the  ore  zone;  but  of  these,  so 
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far  as  can  be  determined  megascopically,  calcite  alone  is  intimately 
associated  with  or  is  a  part  of  the  ore.  Among  the  primary  ore  min- 
erals those  characteristic  of  deposits  of  contact-metamorphic  origin 
are  pyrite,  pyrrhotite,  chalcopyrite,  magnetite,  and  specularite.  In 
many  respects  the  ore  bodies  resemble  the  copper  deposits  of  the 
CUfton-Morenci  district  in  Arizona,  for  which  Lindgren  has  proved  a 
contact-metamorphic  origin.**  So  far  as  the  ore  itself  is  concerned 
the  association  of  minerals  is  much  the  same.  The  chief  difference  is 
that  the  Cable  ores  carry  considerable  gold  and  less  copper  than  those 
of  the  Clifton-Morenci  district.  The  bodies  of  magnetite,  the  mica 
veins,  and  the  ore  deposits  all  appear  to  owe  their  origin  to  the  intru- 
sion of  the  granite.  ,  The  magnetite  represents  a  phase  of  contact 
metamorphism  when  substitution  was  complete  or  nearly  so.  The 
mica  veins  probably  represent  an  end  phase  of  igneous  intrusion, 
since  they  occupy  slip  planes  which  were  made  after  the  granite  had 
become  hard  and  after  the  magnetite  bodies  had  formed.  The  coarsely 
crystalline  calcite,  carrying  ore,  has  resulted  partly  from  substitution 
and  partly  from  recrystallization  of  the  country  rock.  Silica,  iron, 
sulphur,  copper,  and  gold  were  added  and  some  lime  was  probably 
removed.  This  ore  has  certainly  been  extensively  recrystallized 
since  the  granite  became  hard  enough  to  break.  Fault  fissures  that 
cut  both  granite  and  calcite  have  been  completely  healed  in  the 
calcite  in  such  a  manner  that  their  presence  would  not  even  be  sus- 
pected if  this  rock  alone  were  exposed.  Small  calcite  veins  also  cut 
the  granite.  Though  the  substitution  or  replacement  probably 
occurred  while  the  granite  was  still  soft,  recrystallization  on  an  exten- 
sive scale  continued  after  it  had  soUdified. 

PRACTICAL   DEDUCTIONS. 

The  granite  comes  in  contact  with  limestone  at  several  places 
around  Cable  Mountain,  and  bodies  of  magnetite  similar  to  those  of 
the  Cable  mine  are  not  uncommon.  Near  the  granite  at  several 
places  are  ore  deposits  in  limestone  that  are  of  considerable  impor- 
tance; but  these,  so  far  as  present  developments  show,  are  not  of  the 
same  type  as  the  Cable,  being  replacement  veins  of  very  irregular 
width,  yet  clearly  related  to  fissures.  The  ore  is  much  the  same  as  the 
oxidized  ores  of  the  Cable,  the  ore  minerals  being  limonite,  hematite, 
sipecularite,  and  magnetite,  with  a  little  pyrite  and  pyrrhotite.  The 
values  are  chiefly  in  gold.  They  are  almost  invariably  largest  and 
richest  at  the  bend  of  a  fissure  or  at  the  intersection  of  two  fissures. 
.  Iron-oxide  gossans  are  very  common  in  the  vicinity  of  Cable 
Mountain,  but  in  most  places  they  carry  very  low  values  in  gold  or  are 
barren.     These  iron  caps  have  resulted  from  the  oxidation  of  an  ore 


a  Lindgren,  W.,  Copper  deposits  of  Clifton-Morenci  district,  Arizona:  I'rof.  Paper  U.  S.  fJeol.  Survey 
No.  43,  1905,  pp.  126-164. 


54  CONTRIBUTIONS    TO    ECONOMIC    GEOLOGY,  1906,  PART   I. 

composed  in  part  of  pyrite,  for  many  of  them  contain  pseudomorphs 
after  that  mineral.  The  ^old  of  the  replacement  veins,  so  far  as  they 
have  been  developed,  is  finer  than  that  of  the  Cable  mine,  and  there 
are  no  placers  of  importance.  Good  ore  bodies  have  been  found 
below  barren  or  low-^ade  gossans;  but  thus  far  the  highest  points  of 
the  ore  shoots  have  everj^where  extended  >\ithin  50  or  100  feet  of  the 
surface  and  at  most  places  nearer.  Tlie  trend  of  these  veins  can 
usually  be  made  out  by  trenching  or  hy  digging  shallow  pits.  The 
most  favorable  place  for  prospecting  is  at  the  intersection  of  two 
veins. 

Much  of  the  magnetite  carries  from  20  to  80  cents  a  ton  in  gold,  and 
at  some  places  it  has  been  prospected  with  the  hope  that  in  depth  it 
will  change  to  a  sulphide  ore  carrying  gold  of  payal)le  grade.  The 
large  bodies  of  magnetite,  however,  are  unquestionably  of  primary 
origin  and  will  continue  to  be  magnetite  as  far  dowTi.as  they  extend. 
The  pyrite  ore  of  the  veins  alters  t()  limcmite  and  hematite,  carrying 
small- grains  of  magnetite  and  nowhere  to  large  masses  of  magnetite. 
The  presence  of  the  small  magnetite  grains  in  the  oxidized  ore  has  no 
diagnostic  value,  for  they  are  present  in  the  oxidized  ore  of  practically 
every  ore  deposit  in  the  Philipsburg  area,  and  a  large  number  of  these 
are  ordinary  fissure  veins  and  in  no  sense  replacement  deposits. 

The  Granite-Bimetallic  lode  is  a  t\7)ical  fissure  filling  of  simple 
structure  and  of  remarkable  persistence  both  horizontal!}^  and  verti- 
cally. Surface  waters  have  leached  the  values  from  its  apex  and  to 
a  variable  depth  of  "50  to  300  or  400  feet  below  the  surface.  Below 
this  zone  is  one  of  enriched  oxidized  ores  in  which  the  values  are 
largely  horn  and  native  silver.  Next  below  is  a  zone  of  enriched  silver 
sulphides,  unquestionably  of  secondary  origin,  and  the  primary  ore, 
the  deepest  in  the  vein,  is  a  low-grade  sulphide  ore  carrying  silver  and 
gold. 

The  Cable  ore  body  is  a  contact-metamorphic  deposit  of  rather 
uncommon  character,  but  resembles  most  such  deposits  in  having  no 
definite  shape.  The  country  rock  is  for  the  most  part  limestone  and 
has  undergone  the  usual  change  due  to  contact  metamorphism.  The 
ore  minerals,  aside  from  the  presence  of  considerable  coarse  gold,  are 
those  commonly  associated  with  ores  of  contact-metamorphic  origin. 
As  a  rule  the  ore  is  not  immediately  at  the  contact  of  the  granite,  but 
may  occupy  any  position  in  the  ore  zone. 

So  far  as  their  larger  structural  features  are  concerned  the  ore 
deposits  of  the  two  mines  are  so  unlike  that  they  can  s/^arcely  be 
compared.  A  list  of  nearly  all  the  minerals  noted  in  the  two  mines, 
with  short  notes  upon  their  occurrence  or  position  in  the  deposits,  is 
given  in  the  subjoined  table.     This  list  was  made  previous  to  micro- 
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scopic  study,  and  other  minerals  should  doubtless  be  added  to  it. 
Forty  minerals  or  varieties  are  noted.  '  Of  these  25  per  cent  are 
peculiar  to  the  Cable,  25  per  cent  peculiar  to  the  Granite,  and  50  per 
cent  are  common  to  both  mines. 

Comparison  of  minerals  in  the  Granite-Bimetallic  and  Cable  mines. 


Minerals. 


Oxides. 

Liraonite 

Hematite 

Specula  rito 

Magnetite 

Manganese  oxide. 


Native  metals. 


Gold. 


Silver.. 
Copper. 


Carbonates. 


Calcite 

Rhodochrosite. 

Siderite 

Dolomite 

Malachite! 

Azurite .". . 


Sulphate. 
Iron  sulphate... 


Sulphides. 


Pyrite 

Pyrrhotite 

Marcasite 

Chalcopy  rite 

Bomite 

Ai^entite 

Chalcocite 

Arsenopyrite 

Ruby  silver  (pyrargy- 

rite  and  proustite). 
Gray  copper  (tetrahe- 

drite  and  tennantite) , 

Galena 

Blende 

Realgar 

Orpiment 


Silicates. 


Quartz, 


Rhodonite... 
Chrysocolia.. 
Actinolite . . . 
Wollastonite. 

Garnet 

Green  mica . . 
Epidote ...  . 
Kaolinite 


Granite-Bimetallic  mine  ^a  silver- 
gold  fissure  vein  in  granite),  2,600 
leet  deep. 


In  upper  levels 

None 

Sparingly  present  in  upper  levels. 
Considerable  in  upper  levels 


Finely  divided  throughout  the  mine. 


In  upper  levels. 
None 


Very  sparingly  present . 

Considerable 

None 

A  little 

In  upper  levels 


Common  as  crystals  on  walls. 


Abundant 

None 

do 

A  little 

.....do 

At  many  places 

Little  or  none 

Abundant  in  lower  levels 

At  all  depths  below  200  feet,  but  less 

abundant  in  lower  levels. 
In  lower  and  middle  levels 


At  many  places 

do 

Here  and  there. 
do 


Very  abundant . 

At  many  places . 
In  upper  levels. 

None 

do 

do 

do 

do 

Abundant 


Cable  mine  ^a  gold-copper  contact- 
metamorphic  deposit  m  limestone 
and  shale  at  contact  with  granite), 
tJOO  feet  deep. 


In  upper  levels. 

Do. 
Throughout  the  mine. 
Very  aljundant  on  all  levels. 
A  little  in  upper  levels. 


Large  nuggets  chiefly  in  upper  work- 
ings; small  anhedra  on  all  levels. 
No  native  silver  noted. 
A  little  in  upper  levels. 


Very  abundant  on  all  levels. 

None. 

A  little. 

Do. 
In  upper  levels. 

Do. 


Compion  as  crystals  on  walls. 


Abundant. 

At  many  places. 

A  little. 

At  many  places. 

Do. 
Some. 
A  little. 

A  little  in  lower  levels. 
None. 

Do. 

Rare. 

Do. 
None. 

Do. 


Much  less  abundant  than  in  Granite- 
Bimetallic  mine. 

None. 

In  upper  levels. 

At  many  places. 

Here  and  there. 
Do. 

At  many  places. 

Here  and  there. 

Not    so    abundant    as    in    Granite- 
Bimetallic  mine. 
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INTRODUCTION. 

The  occurrence  of  finely  divider  I  jxold  associated  with  map^netic 
iron  in  the  sands  of  Snake  River,  in  Idaho,  is  well  known,  and  pub- 
lished re})orts  describinsic  tliese  deposits  and  the  methods  of  iiiining 
and  collecting  the  gold  have  frequently  appeared.  Information 
regarding  the  j)resence  of  similar  gold  along  the  Columbia  and  other 
of  its  tributaries  is  not  so  general,  though  such  occurrences  have  been 
known  locally  for  many  yeai*s. 

From  twenty  to  thirty  years  ago  placer  claims  were  worked  at  many 
points  along  the  upper  Columbia  by  Chinese,"  but  since  the  exclusion 
of  Chinese  laborers  these  old  mines  have  been  abandoned  and  the 
evidences  of  them  are  obscured  by  a  growth  of  young  pine  trees. 
Mining  was  resumed  to  a  certain  extent  by  white  men  during  the  hard 
times  of  1<S93  and  1894,  when,  as  reported,  scant  wages  could  be 
obtained,  but  in  later  years  the  attempts  to  extract  this  gold  have 
been  sporadic  and  usually  ineffectual.  Interest  in  these  deposits  has 
recently  been  revived  by  the  location,  ostensibly  for  placer-mining 
purposes,  of  many  large  tracts  of  bench  land  adjacent  to  Columbia 
and  Sanpoil  rivers  in  the  Colville  Indian  Reservation. 

During  the  past  season  an  investigation  was  made  by  Mr.  F.  M. 
Goodwin,  of  the  General  Land  Office,  and  the  writer,  to  determine 
whether  or  not  these  locations  were  made  in  good  faith.  This  inves- 
tigation was  confined  to  100  miles  of  the  Columbia  Valley  from 
Nespelem  to  Kettle  Falls  and  to  the  wSanpoil  Valley  below  Republic, 
but  much  of  the  resulting  information  is  believed  to  be  of  sufficient 
general  interest  to  warrant  publication. 

GEOGRAPHY. 

The  Colville  Indian  Reservation  lies  in  the  northeastern  part  of  the 
State  of  Washington,  north  of  Columbia  River,  which  bounds  it  on  the 
east  and  south  sides.     This  river  flows  southward  from  the  Canadian 


oSynions,  Tlios.  W.,  Ropt.  on  Kxaiiiiiiation  of  U])per  (^)l^mbiil  Kivor:   Sonate  P^x.  Doc.  No.  186, 
47th  Cong.,  1st  soss.,  Washington,  1882,  pp.  27-28. 

56 


GOLD-BEARING  RIVER   SANDS   OF   N.  E.  WASHINGTON.  57 

boundary  for  about  90  miles  to  its  junction  with  Spokane  River,  where 
it  turns  sharply  and  flows  westward  for  80  miles  to  the  mouth  of  the 
Okanogan,  which  has  a  southerly  course  from  the  Canadian  line  and 
forms  the  western  boundary  of  the  Reservation.  Sanpoil  River  flows 
across  the  reservation,  also  in  a  north-south  valley,  joining  the 
Columbia  about  halfway  between  the  Okanogan  and  Spokane.  At 
the  mouth  of  the  Okanogan  the  Columbia  again  turns  to  the  south  and, 
a  short  distance  beyond,  to  the  east,  flowing  in  that  direction  to  its 
junction  with  Snake  River  and  partially  surrounding  an  extensive 
plateau  region  known  as  the  Big  Bend  country. 

The  Colville  Reservation  comprises  about  2,000  square  miles,  a  large 
part  of  which  is  agricultural  and  timber  land,  nearly  all  of  the 
remainder  being  valuable  for  grazing.  It  is  only  partially  settled  by 
Indians,  is  ill  supplied  with  wagon  roads,  and  is  not  reached  by  rail, 
though  an  electric  line  is  under  construction  from  Spokane  to  the 
Columbia  at  the  mouth  of  Spokane  River,  and  several  surveys  have 
been  made  and  rights  of  way  located  for  a  railroad  through  the 
Sanpoil  Valley. 

Columbia  River  below  Kettle  Falls  is  navigable  by  steamboat 
except  for  a  rapid  at  the  mouth  of  Spokane  River. 

The  Big  Bend  country  south  of  the  reservation  is  nearly  all  in  culti- 
vation. It  is  traversed  by  the  Great  Northern  and  Northern  Pacific 
railways.  The  region  east  of  the  reservation  is  also  well  settled  and  is 
reached  by  the  Spokane  Falls  and  Northern  Railway.  The  country 
between  the  Colville  Reservation  and  the  Canadian  boundary  was 
formerly  included  in  the  reservation  and  has  been  open  to  settlement 
for  only  a  few  years.  Republic,  its  principal  town,  is  at  the  head  of 
Sanpoil  River  and  is  the  terminus  of  a  branch  line  from  the  Canadian 
Pacific  Railway. 

TOPOGRAPHY. 

The  Big  Bend  country  which  lies  south  of  Columbia  and  Spokane 
rivers  is  a  plateau  2,000  to  3,000  foet  above  the  sea,  characterized  by 
slightly  rolling  topography  and  here  and  there  traversed  by  dry 
canyons  called  coulees.  This  plateau  is  mantled  by  fine-grained, 
light-colored  soil  and  comprises  a  large  part  of  the  wheat  lands  of 
Washington." 

North  of  Columbia  and  Spokane  rivers  the  topography  is  more 
diversified.  Although  upland-plain  surfaces  are  not  lacking,  these 
are  surmounted  by  two  ranges  of  higher  hills  which  extend  north  and 
south  on  either  side  of  the  Sanpoil  and  which  attain  maximum  eleva- 
tions of  about  9,000  feet  near  the  nortlicm  boundary  of  the  reservation. 
Columbia,  Sanpoil,  and  Okanogan  rivers  all  flow  in  deep  canyons 
from  1,500  to  2,500  feet  below  tlio  general  level.     Grand  Coulee,  a  dry 

o Calkins,  F.  C,  Water-Sup.  and  Irr.  Paper  No.  lis,  l^.  S.  (Je..!.  Survey,  19()5,  pp.  45-49. 
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canyon  about  500  foot  doop,  oxtonclin^  sou thwost ward  from  the 
Columbia  acroas  tho  big-bond  platoau  is  anotlior  remarkable  feature 
which  must  bo  considered  in  any  discussion  of  this  rejjicm. 

The  Columbia  and  Sanpoil  valleys,  to  an  elevation  of  1,500  feet 
above  the  water,  are  characterized  by  bn)ad  terraces  of  silt  and 
g;ravel.  The  upper  terrace  is  in  most  places  well  marked.  South  of 
the  Columbia  it  extends  for  short  distances  up  many  of  the  small 
tributary  can^^ons,  wliich  widen  out  into  straths  at  this  elevation.  A 
very  noticeable  example  of  these  straths  is  sc^on  on  the  road  from 
Wilbur  to  Clark,  which  follows  a  small  canycm  that  at  the  level  of  this 
terrace  widens  out  into  an  attractive  little  valley  containing  one  or 
more  farms.  North  of  the  Columbia  the  topography  previous  to  the 
terracing  was  of  an  older  type,  and  many  of  tho  upper  terraces  ejctend 
for'several  miles  away  from  tlio  river  in  tho  valleys  of  tributary  streams 
that  flow  in  deep  canyons  with  silt  and  gravel  walls.  The  lower  ter- 
races, although  nearly  as  extensive  as  the  upper,  are  more  irregular 
and  are  not  easily  correlated  with  one  another.  Although  they  occur 
at  various  elevations  most  of  them  are  between  20  and  800  feet  above 
the  river.  Bench  lands  of  this  typo,  especially  at  tho  lower  eleva- 
tions, are  in  many  places  easily  irrigated  from  small  tributarj'  streams. 
Such  lands  south  of  the  (\)lumbia  are  used  almost  exclusively  for  fruit 
culture  and  are  valued  at  $40  to  $400  an  acre. 

GEOLOGY. 
GEOLOGIC    FORMATIONS. 

Nearly  all  the  rocks  north  of  the  Columbia  and  in  the  bed  of  its 
canyon  are  schists  or  intrusivos  of  various  kinds,  which  probably 
range  in  age  from  lower  Paleozoic  to  early  Tertiary.  They  have  not 
yet  been  studied  in  sufficient  detail  to  differentiate  the  areas  of  the 
various  types.  South  of  tlie  (\)lumbia  those  crystalline  rocks  are 
buried  beneath  basalts  and  interbedded  sediments  of  Miocene  age, 
which  have  been  described  as  the  Yakima  basalt."  Generally  these 
basalts  terminate  at  the  south  side  of  the  (\)lumbia  gorge,  though 
there  are  a  few  small  areas  within  tho  Colvillo  Kosorvation  capped  by 
them.  East  of  the  reservation  the  basalts  extend  a  few  miles  north  of 
Spokane  River,  where  they  overlap,  the  crystalline  rocks  thinning  out 
at  their  northern  edge.  The  sands,  silts,  and  gravels  forming  the 
benches  and  terraces  along  Columbia  and  Sanpoil  rivers  c(mstitute 
the  youngest  formations  in  the  rogioiL  In  general  the  upper  terraces 
are  composed  of  fine,  light  gray  or  brown  silt  and  sand  containing  only 
a  small  percentage  of  gravel.  As  will  1)0  shown,  tho}^  are  indirectly 
the  products  of  glaciation.  The  sediments  of  the  lower  benches  con- 
tain more  or  loss  falso-boddod  gravel  and  sand  and  are  river  deposits 

«  Smith,  (}.  O.,  Water-Sup.  and  Irr.  rai)er  No.  .'>.'»,  V.  R.  (Jeol.  Snrv<'y,  19()1,  pp.  ir>-l7.    Calkins,  F.  C, 
Water-Sup.  and  Irr.  Paper  No.  118,  U.  S.  Geol.  Survey,  1905,  pp.  o0-4r>. 
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of  more  recent  origin.  Near  the  west  end  of  the  reservation  there 
are  many  erratic  bowlders  and  other  indications  of  a  glacier  which 
moved  down  the  Okanogan  Valley  from  the  north  and  spread  out  over 
the  big-bend  plateau  to  the  brink  of  the  Grand  Coulee."  The  valley 
of  the  Okanogan  and  the  plateau  south  of  the  Columbia  at  this  point 
are  said  to  be  strewn  with  glacial  drift.  Small  areas  of  bowlders, 
probably  the  terminal  moraines  of  valley  glaciers,  are  found  in  the 
Sanpoil  Valley  about  50  miles  north  of  the  Columbia  and  in  the 
Columbia  Valley  a  few  miles  north  of  the  mouth  of  the  Spokane.^  In 
the  latter  locality  the  moraine  appears  to  be  older  than  the  terraces 
by  which  it  is  apparently  overlain. 

GEOLOGIC    HISTORY. 

The  geologic  history  of  the  development  of  these  topographic  forms 
is  interesting  and  may  be  briefly  summarized  here.  Previous  to  the 
middle  of  the  Tertiary  period  the  drainage  of  northern  Washington 
was  developed.  Columbia,  Sanpoil,  and  Okanogan  rivers  flowed 
southward  across  the  big-bend  country,  converging  at  some  point 
now  buried  beneath  the  basalts.*^  Then  followed  a  period  of  volcanic 
disturbance;  the  earth^s  crust  south  of  the  Columbia  was  fissured  and 
great  volumes  of  lava  poured  out  and  spread  in  sheets  over  the  sur- 
face, burying  the  old  surface  beneath  thousands  of  feet  of  new  rocks. 
The  pre-Miocene  valleys  were  filled,  and  the  Columbia  was  diverted 
to  a  new  channel  around  the  northern  edge  of  the  lava  field,  inter- 
cepting the  valleys  of  the  Sanpoil  and  Okanogan  as  it  does  now. 
After  the  volcanic  period  the  whole  region  was  probably  elevated  and 
these  rivers  cut  gorges  nearly  if  not  quite  to  the  present  depth.  Later 
the  Okanogan  glacier  completely  dammed  Columbia  River,  forming 
in  its  upper  valley  a  lake  that  extended  for  many  miles.  The  waters 
of  this  lake  spilled  southward  along  the  east  side  of  the  Okanogan 
glacier,  cutting  the  500-foot  gorge  known  as  the  Grand  Coulee,^  whose 
bed  at  its  upper  end  is  cut  into  the  crystalline  rocks  below  the  basalts. 
It  is  estimated  to  be  from  1,000  to  1,500  feet  above  the  river  and  indi- 
cates approximately  the  depth  of  water  before  the  lake  disappeared. 

While  the  glacier  remained  the  lake  thus  formed  was  nearly  filled 
with  sediments,  the  remnants  of  which  form  the  higher  terraces  and 
benches  above  described.  The  upper  terrace  of  the  Columbia  is 
reported  to  be  continuous  with  a  stream  terrace  in  the  Grand  Coulee. 
When  the  ice  barrier  disappeared,  the  river  resumed  its  former  course, 

a  Russell,  I.  C,  Geological  reconnaissance  in  central  Washington:  Bull.  U.  8.  Geol.  Survey  No.  108, 
1893,  pp.  87-89.  Smith,  G.  O.,  and  Calkins,  F.  C,  Bull.  U.  S.  Geol.  Survey  No.  23,5, 1906,  pp.  35-41.  Salis- 
bury, R.  D.,  Am.  Geologist,  vol.  9,  1902,  pp.  212-213. 

6  Salisbury,  R.  D.,  Glacial  work  in  western  mountains  in  1901:  Jour.  Geol.,  vol.  9.  1901,  pp.  718-731. 

c  Willis,  Bailey,  Changes  in  river  courses  in  Washington  Territory'  due  to  glaciation:  Bull.  U.  S.  Geol. 
Survey  No.  40,  1887,  pp.  7-8. 
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and  its  subsequent  work  has  been  the  removal  of  these  sediments  from 
its  valley.  New  and  lower  flood  plains  have  been  formed  at  intervals 
during  this  restoration  of  the  old  channel,  a  fact  which  accounts  to 
some  extent  for  the  irregularity  of  the  lower  benches. 

All  the  terraces  within  300  feet  of  the  river  level  were  formed  since 
the  disappearance  of  the  greater  part  of  the  barrier  and  under  nearly 
normal  river  conditions. 

The  upper  terraces  consist  of  only  imperfectly  stratified  sands  and 
silts.  Coarse  gravels  are  comparatively  rare  and  no  false  bedding  has 
been  observed.  The  lower  benches,  on  the  other  hand,  are  charac- 
terized by  much  false  bedding.  In  many  places  they  are  composed 
of  coarse  gravels  and  sands  and  have  all  the  characteristics  of  river 
deposits. 

RELATION  OF  GOLD  DEPOSITS  TO  TERRACES. 

Where  observed  the  i)lacer  gold  along  the  Columbia  is  confined  to 
the  lower  benches  and  river  bars,  a  ccmdition  which  may  reasonably 
be  expected  if  the  sediments  of  the  upper  terraces  are  lake  deposits, 
and  those  of  the  lower  terraces  have  been  worked  over  and  concen- 
trated by  the  river.  Moreover,  the  later  benches  and  the  modern 
river  bars  are  progressively  richer  in  gold,  since  they  are  the  product 
of  repeated  concentrations  of  the  various  upj>er  terraces  which  have 
fallen  into  the  river  and  been  washed  awav. 

The  terraces  on  which  deposits  of  placer  gold  occur  are  all  within 
200  feet  of  the  level  of  the  river.  They  are  in  the  main  covered  with 
a  sandy  soil  from  a  few  inches  to  12  feet  or  more  thick,  containing  some 
disseminated  gold,  below  which  is  a  pay  streak  from  1  inch  to  4  feet 
thick,  consisting  of  sandy  clay  and  gravel  resting  on  a  thin  bed  of  Clay. 
Below  this  pay  streak  there  is  generally  barren  sand,  gravel,  or  in  some 
places  clay  to  the  level  of  the  river.  It  is  reported  that  a  second  or  a 
third  lower  pay  streak  occurs  at  a  few  places,  but  no  attempts  have 
been  made  to  mine  such  deposits,  and  our  investigations  indicate  that 
they  invariably  contain  less  gold  than  the  upper  placers.  The  pay 
streak  is  as  a  rule  stained  by  oxide  of  iron  and  easily  distinguished 
from  the  overlying  slits  by  its  color.  The  gold  tenor  varies  from  a 
fraction  of  a  cent  to  a  possible  maximum  of  $1 .50  per  ton,  the  average 
being  not  more  than  4  or  5  cents  per  cubic  yard.  These  gold  deposits 
were  tested  by  carefully  panning  samples  taken  from  prospect  holes 
and  such  natural  exposures  as  cut  banks  of  streams  and  upturned 
tree  roots.  The  colors  of  gold  in  each  pan  were  counted,  the  num- 
ber recorded,  and  specimens  from  the  various  localities  weighed  on  an 
assay er's  balance  to  determine  their  average  value.  To  check  these 
results  31  samples  of  pay  dirt  were  collected  and  sent  to  the  United 
States  Geological  Survey  concentrating  pavilion  at  Portland,  Oreg., 
where  they  were  tested  by  fire  assay.     In  making  the  assays  about 
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five  times  the  ordinary  amount  was  taken  for  fusion  and  quantitative 
determinations  were  made  where,  by  ordinary  methods,  nothing  but 
traces  could  have  been  reported.  The  colors  of  gold  were  found  to 
range  in  value  from  less  than  0.0005  to  0.02  cent,  the  average  being 
about  0.002  cent.  Nearly  all  of  this  is  flour  rather  than  flake  gold 
and  although  very  fine  it  is  usually  not  difficult  to  save  in  panning. 
Some  of  the  colors  which  appear  to  be  larger,  however,  are  thin 
flakes  and  scales  that  are  very  hard  to  separate  from  the  black  sand. 
There  is  a  noticeable  difference  in  the  size  of  the  colors  at  various 
points  along  the  river,  some  of  the  bars  being  characterized  by  very 
fine  gold,  and  that  of  others  being  comparatively  coarse.  Generally 
the  colors  of  any  particular  bar  or  pay  streak  are  nearly  uniform  in 
size  and  appearance,  but  there  are  a  few  notable  exceptions  to  this 
rule,  some  of  the  localities  affording  coarse  flakes  as  well  as  unifonnly 
fine  flour  gold,  seeming  to  indicate  a  local  source  of  supply  for  part  of 
the  gold. 

ASSOCIATED  MINERALS. 

The  gold  is  associated  with  black  sand  containing  a  large  amount  of 
magnetite  and  somewhat  smaller  amounts  of  ilmenite,  zircon,  garnet, 
and  other  heavy  minerals.  Platinum  probably  also  occurs  in  small 
quantities,  though  its  presence  was  not  detected  in  the  field. 

An  average  sample  of  sand  was  run  over  the  Wetherill  separator  at 
the  concentrating  pavilion  and  its  mineral  constituents  were  deter- 
mined as  follows: 

Mineralogical  composition  of  average  sandfrovi  Columbia  River  terraces. 

Magnetite 0. 3 

Ilmenite 1 

Garnet 1 

Zircon 1 

Quartz 39. 4 

Others 60 

100 
One  large  color  of  gold  and  16  to  20  small  colors  of  platinum. 

The  amount  of  black  sand  in  the  pay  streaks  is  much  greater  than 
in  this  sample,  in  some  places  reaching  3  or  4  per  cent. 

TYPICAL  LOCALITIES. 

Although  there  is  probably  some  gold  in  the  sands  of  the  river 
throughout  its  length,  the  gold-bearing  terraces  on  either  side,  which 
are  called  bars,  are  not  continuous.  Those  adjacent  to  the  right 
bank  that  were  examined  are  Nespelem  Bar,  at  the  mouth  of  Nes- 
pelem  River;  Hell  Gate  Bar,  a  few  miles  above  the  Sanpoil;  Peach 
Bar,  opposite  Peach  post-office;  Sixmile  and  Ninemile  bars,  6  and  9 
miles    respectively  above    Spokane    River;    Wilmot    Bar,   opposite 
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Jerome  ix)8t-office;  Rogers  Bar,  a  few  miles  below  Hunter;  Blue  and 
Turtle  Kapids  bars,  a])out  5  miles  above  Hunter;  Stranger  Creek  Bar, 
opposite  Gifford ;  and  a  bar  about  6  miles  above  Daisy.  In  the  San- 
poil  Valley  there  are  no  indications  that  placer  gold  has  ever  been 
produced  or  exists  in  commercial  amounts  except  on  one  or  two  of 
its  tributaries.  The  more  important  of  the  deposits  named  above 
will  be  described  in  detail  as  follows: 

COLUMBIA    VALLEY. 

Nespelem  Bar  is  a  terrace  half  a  mile  ^ide,  100  feet  above  the 
Columbia  at  the  mouth  of  the  Nes|)elem,  which  flows  across  the  bar 
in  a  narrow  canyon.  Two  miles  above  its  mouth  the  Nespelem  is 
incised  in  an  upper  terrac-e  more  than  1,000  feet  above  the  Columbia, 
to  which  it  descends  in  a  series  of  falls  caused  by  outcropping  crystal- 
line rocks.  The  lower  terrace  has  a  nearly  level  surface  and  where 
cut  by  the  canyons  presents  the  following  section : 

Section  of  lower  terrace  on  Columbia  River  at  mouth  of  the  Nespelem, 

Feet. 

Sandy  loam 8-15 

Gmvel J-  1 

Stratified  clay,  locally  called  foa^wtone 80 

Although  320  acres  of  land  situated  here  have  been  secured  by 
patent  for  placer-mining  purposes,  gold  was  found  at  only  one  local- 
ity in  a  thin  pay  streak,  consisting  of  iron-stained  sandy  clay  resting 
on  sand,   somewhat   above   the  general   level   and   covering   about* 
2  acres  of  ground.     No  gold  was  found  by  panning  in  any  of  th^ 
beds  composing  the  foregoing  section.     Similar  tests  of  the  sand^ 
from  the  beds  of  gullies  cutting  through  to  the  clay  bed  rock  and  of 
material  from  the  bed  of  Nespelem  River  also  gave  negative  results  - 
It  was  estimated  that  there  is  no  ground  (m  this  bar  which  can  b^ 
expected  to  yield  as  much  as  0.01  cent  per  cubic  yard  by  placer- 
mining  methods. 

Hell  Gate  Bar,  situated  on  the  north  side  of  Columbia  River^ 
between  the  mouth  of  the  Sanpoil  and  Hell  Gate  Rapids,  is  a  strips 
of  land  about  2  miles  long  and  from  300  feet  to  half  a  mile  wide- 
The  placer  gold  is  confined  to  a  low  bench,  which  is  probably  over- 
flowed at  times  of  extreme  high  water.  Much  of  its  surface  is  cov- 
ered with  river  bowlders  from  a  few  inches  to  a  foot  in  diameter,  and 
the  pay  dirt  is  contained  either  in  the  crevices  between  these  bowl- 
ders or  in  a  well-defined  pay  streak  consisting  of  iron-stained  gravel 
from  a  few  inches  to  a  foot  thick  within  3  feet  of  the  surface.  There 
is  little  overburden  and  the  gold-bearing  layer  is  easily  reached. 
The  average  value  of  this  pay  streak  is  estimated  by  panning  to  be 
5  cents  per  cubic  yard.     The  colors  of  gold  are  all  fine,  averaging 
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not  more  than  0.00125  cent  in  value.  A  sample  of  the  richest  mate- 
rial found  was  tested  at  the  concentrating  pavilion  in  Portland, 
Oreg.,  showing  approximately  the  same  result  as  to  gold  tenor.  It 
was  estimated  that  on  this  bar  there  is  a  deposit  of  pay  dirt  6  inches 
thick,  from  100  to  600  yards  wide,  and  2  miles  long,  which  will  aver- 
age between  1  and  5  cents  per  cubic  yard.  Some  of  the  richest  of 
this  ground  was  taken  up  by  Chinese,  who  attempted  to  work  it 
mechanically  with  water  pumped  from  Columbia  River,  but  their 
efforts  were  abandoned  several  years  ago  for  the  reason,  as  reported, 
that  wages  could  not  be  obtained.  The  Columbia  at  IJell  Gate  Rapids 
is  obstructed  by  a  ledge  of  rocks  that  crosses  from  north  to  south. 
This  ledge  has  been  worn  down  by  the  river,  but  has  probably  always 
presented  an  obstruction  to  the  current.  The  concentration  of  the 
gold  below  the  rapids  is  probably  due  in  part  to  this  obstruction, 
an  eddy  being  formed  here  in  which  the  fine  gold  settled  from  the 
swiftly  moving  currents. 

Between  Hell  Gate  and  the  mouth  of  the  Spokane  there  is  com- 
paratively little  level  land  adjoining  the  river  on  the  Colville  Reser- 
vation. All  of  it  is  comprised  in  a  low  bench  at  the  mouth  of  White 
Stone  Creek,  containing  something  over  300  acres,  a  similar  bench 
opposite  Creston  Ferry,  and  a  bench  and  bar  opposite  the  town  of 
Peach.  The  White  Stone  lands  are  entirely  embraced  in  Indian 
ranches  and  were  not  exft,mined  for  evidences  of  placer  gold.  A 
portion  of  the  bench  at  Creston  Ferry  has  been  worked  by  placer 
miners,  but  the  old  workings  are  now  abandoned  and  were  not  tested. 
Opposite  Peach  there  is  a  bench  about  300  feet  above  Columbia 
River  which  extends  upstream  to  the  mouth  of  the  Spokane.  A 
number  of  placer-mining  claims  have  been  located  on  this  terrace, 
and  it  was  examined  critically.  Where  undermined  by  the  river  it 
presents  the  following  section: 

Section  on  Columbia  River  opposite  Peach. 

Feet. 

Light-colored  sandy  loam 12 

Sand  and  gravel 1-2 

Sandy  clay,  above  whicH  there  is  water  seepage 6 

Open  cross-bedded  gravel,  containing  many  basalt  pebbles  one-fourth 

inch  to  2  inches  in  diameter 200 

No  colors  of  gold  could  be  obtained  by  panning  from  any  part  of 
this  section,  either  from  the  sandy  loam  at  the  top  or  the  gravel 
layer  above  the  clay  seam. 

Between  Peach  and  the  mouth  of  Spokane  River  there  is  a  large 
island  in  Columbia  River  that  is  overflowed  at  extreme  high  water. 
The  upper  end  of  this  island  was  formerly  worked  by  Chinese,  their 
excavations  reaching  a  depth  of  3  or  4  feet.  No  mining  is  in  prog- 
ress there  at  the  present  time,  and  a  part  of  the  island  is  under 
cultivation. 
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From  a  point  3  miles  abovo  tho  mouth  of  the  Sjxikanc  old  Chinese 
excavations  and  ditches  occur  at  short  intc  n^als  for  about  6  miles  to 
the  mouth  of  Ninemile  CVeek.  None  of  these  old  workings  extended 
more  than  100  yards  from  the  river. 

Three  miles  above  the  Spokane  is  -a  l>ench  about  20  feet  above  the 
river  that  contains  an  accumulation  of  lar^i*  an^ridar  bowlders  having 
the  appearance  of  a  moraine.  It  is  ]>robably  the  deposit  menti<med 
by  Salisbury  as  the  terminal  moraine  of  the  (^ohunbia  River  glacier." 
It  extends  along  the  river  about  one-lialf  mile.  The  pay  streak,  for- 
merly worked  by  Chinese,  occupi(\s  the  spaces  l)etween  these  bowl- 
ders, which  probably  served  as  rilHes  to  concentrate  the  fine  gold. 
Some  virgin  ground  foimd  under  a  stump  in  the  ohl  workings  yielded 
a  fair  residt  from  panning,  the  colors  being  of  two  types,  large  thin 
flakes  averaging  0.01  cent  in  value  and  the  ordinar>^  flour  gold  of  the 
river  averaging  not  over  ().(K)2  cent  in  value.  A  sample  tested  by 
fusion  at  the  concentrating  pavilion  gave  $1.60  per  ton  in  gold,  but 
owing  to  the  prevalence  of  bowlders  not  inchuled  in  the  sample  this 
result  should  naturallv  be  reduced  about  one-half. 

At  the  mouth  of  Sixmile  Creek,  a  mile  above  tlie  point  just  men- 
tioned, the  glacial  bowlders  are  no  longer  to  be  seen  and  a  section  of  the 
terrace  deposit  was  found  to  be  about  as  follows: 

Section  on  Colunibia  Jiircr  at  mouth  <>/ Suniile  Crech, 

Feet. 

Silt  and  gravel,  containing  ^mn}  day 2 

Gravol  and  clay ^^ 

Coan^o  open- textured  gravel,  jn-bldes  nl(>^^tIy  from  older  rocks  and  4 

inches  or  less  in  dianieler 20 

The  ])ay  streak  here  is  confined  to  tlie  u])pcr  2  feet  of  the  section 
and  was  found  by  panning  to  have  a  value  of  S  cents  ])er  cubic  yard. 
Tlie  gold  obtained  includes  some  large  thin  flakes  averaging  0.01  cent 
in  value  and  much  fine  flour  gold.  A  samj)le  tested  by  fusion  at  the 
concentrating  pavilion  yielded  oidy  4  cents  per  tcm.  There  is  a  pay 
streak  2  feet  thick  here,  extending  l)ack  from  the  river  ])ossibly  800 
or  900  feet,  wliicli  will  yield  from  4  to  S  cents  ])er  cubic  yard. 

Two  miles  farther  uj)  the  river,  near  the  mouth  of  Ninemile  Creek, 
there  are  something  over  300  acres  of  land  in  two  benches,  one  about 
30  and  the  other  100  feet  above  (\)luml)ia  Kiver.  The  section  on  the 
lower  bench  is  apj)roxiinately  as  follows: 

Section  of  lower  bench  07i  Columbia  River  near  Ninemile  Creek, 

Feot. 

Sandy  silt,  from  a  few  inches  to 7 

Iron-stained  sand ,  gravel,  and  clay  (])ay  st reak) 1 

Opcm-textunnl  gravel 20 

Old  Chinese  workinsrs  extend  about  200  feet  back  and  three-fourths 


't-> 


of  a  mile  along  the  river.     The  limit  of  the  workings  back  from  the 

o  Salisbury,  R.  D.,  Jour.  Gcol.,  vol.  9,  1901,  p.  722. 
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river  was  evidently  determined  in  some  places  by  the  thickness  of  the 
overburden  and  in  others  by  the  thinning  out  of  the  pay  streak.  The 
gold  contains  some  large  flakes  worth  0.02  cent  and  much  fine  flour 
gold,  bringing  the  average  down  to  0.0067  cent.  The  pay  streak  prob- 
ably averaged  a  little  over  40  cents  to  the  cubic  yard.  A  sample 
tested  by  fire  assay  at  the  concentrating  pavilion  gave  16  cents  per  ton. 

The  upper  terrace,  100  feet  above  the  river,  presents  a  somewhat 
similar  section,  comprising  from  1  to  3  feet  of  iron-stained  gravel,  sand, 
and  clay,  resting  on  more  than  90  feet  of  cross-bedded  gravel  and  sand. 
Panning  tests  showed  that  the  upper  layer  carries  a  small  fraction  of  a 
cent  in  flour  gold  per  cubic  yard,  while  the  gravel  and  sand  below 
show  no  trace  of  gold. 

Wilmot  Bar  is  about  6  miles  farther  up  the  river,  opposite  Jerome 
post-ofiice.  As  at  Sixmile  Bar,  there  are  two  terraces  here — one  20 
feet,  the  other  about  100  feet  above  the  river.  The  lower  terrace  is 
situated  just  below  a  series  of  rock  ledges  forming  an  obstruction  to 
the  current  somewhat  similar  to  that  at  Hell  Gate  and  the  concentra- 
tion of  gold  on  the  bar  is  probably  due  in  part  to  this  cause.  On  the 
lower  terrace  there  is  a  surficial  deposit  from  1  to  5  feet  thick  that  con- 
tains flour  gold  and  rests  on  open-textured  gravel  and  sand.  Panning 
tests  indicate  a  possible  value  of  10  to  14  cents  per  cubic  yard  on  the 
lower  bench  and  a  small  fraction  of  a  cent  per  cubic  yard  on  the  upper 
one. 

Rogers  Bar,  on  the  west  bank  of  the  Columbia  2  miles  below  the 
town  of  Hunter,  contains  approximately  1,500  acres  of  nearly  level 
land  that  lies  from  20  to  100  feet  above  high  water  and  extends  for  3 
miles  along  the  river.  It  includes  three  distinct  benches — one  30, 
another  75,  and  a  third  100  feet  above  the  river.  Near  the  middle  of 
the  bar  two  men  are  still  working  with  rockers  on  the  river  bank,  fol- 
lowing the  edge  of  the  water  as  it  falls.  They  report  that  the  best  pay 
is  found  on  bars  exposed  only  at  low  water.  Half  a  mile  below  their 
workings  there  is  a  low  gravel  bar  that  is  scarcely  above  the  level  of  the 
river  at  ordinary  stages;  this  was  nearly  all  worked  over  by  Chinese. 
A  miner  working  here  reported  that  under  favorable  conditions  he 
could  make  as  high  as  $3  per  day.  Near  the  lower  end  of  Rogers  Bar 
is  a  large  island  in  the  river  known  as  Hog  Island.  The  channel 
between  it  and  the  mainland  is  dry  at  low  water  and  its  bed  has  all 
been  worked  by  Chinese. 

The  section  of  the  deposit  forming  the  lower  terrace  at  Rogers  Bar 
is  as  follows: 

Section  of  lower  terrace  on  Columbia  River  at  Rogers  Bar. 

Feet. 

Sandy  silt 2-8 

Gravel  and  clay  (pay  streak) }-l 

Open-textured  cross-bedded  sand  and  gravel , 20 

Bull.  315—07 5 
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The  section  in  the  next  higher  bench  is  similar  except  that  the  under- 
lying gravel  contains  more  san(^  and  there  is  a  greater  thickness 
exposed.  On  the  lower  bench  flour  gold  to  the  value  of  1  to  50  cents 
per  cubic  yard  was  found  in  the  pay  streak,  and  a  much  smaller 
amount  disseminated  through  the  overburden.  Tests  by  fusion  at  the 
concentrating  plant  gave  somewhat  higher  values  and  would  seem  to 
indicate  that  there  is  a  considerable  amount  of  finer  gold  which  could 
not  be  saved  by  ordinary  panning^  In  some  instances  tracers  of  plati- 
num were  reported  by  the  assayer,  but  the  amount  was  not  deter- 
mined. No  gold  was  found  on  the  uppennost  terrace,  which  as  noted 
Ues  109  feet  above  the  river.  The  bars  below  the  level  of  ordinary 
high  water  carry  values  in  gold  somewhat  higher  than  those  of  the 
terraces,  the  indicated  value  being  more  than  30  cents  per  cubic  yard. 
The  colors  of  gold  at  Rogers  Bar  have  an  average  value  of  about 
0.00125  cent  and  the  samples  contained  at  least  one  color  worth  0.01 
cent. 

Blue  Bar,  situated  on  the  right  bank  of  Columbia  River,  about  4 
miles  above  Hunter,  consists  of  a  terrace  from  100  to  1,000  feet  wide 
and  20  feet  ubove  the  river.  Opposite  the  bar  in  the  river  Ues  Blue  Bar 
Island,  with  an  area  of  about  100  acres.  Mining  was  done  by  Chinese 
at  the  upper  end  of  this  island,  as  well  as  at  the  edge  of  the  terrace, 
to  which  water  was  brought  in  a  ditch  from  a  small  stream  known  as 
Stray  Dog  Creek.  The  section  of  the  deposit  making -up  the  terrace 
at  Blue  Bar  is  approximately  as  follows: 

Section  on  Columbia  River  at  Blue  Bar. 

Feet. 

Sandy  loam J-7 

Iron-stained  gravel,  containing  some  clay  (pay  streak) J-J 

Open-textured  gravel  and  sand 15 

Nearly  all  the  gold  is  confined  to  the  pay  streak,  though  scattering 
colors  can  be  found  in  the  overburden.  The  results  of  panning  this 
pay  streak  indicate  values  ranging  from  less  than  a  cent  to  6  cents 
per  cubic  yard.  Samples  tested  by  fusion  at  the  concentrating  pavil- 
ion yielded  from  2  to  41  cents  per  ton. 

Two  miles  above  Blue  Bar,  near  Turtle  Rapids,  a  bench  60  feet 
above  high  water  extends  along  the  river  for  several  miles.  Old 
Chinese  workings  here  expose  a  nearly  barren  layer  of  sandy  silt  sev- 
eral feet  thick,  resting  on  a  pay  streak  a  few  inches  thick,  consisting 
of  gravel  and  clay,  below  which  is  open-textured  gravel  and  sand. 
These  old  workings  indicate  that  the  pay  streak  was  followed  back 
from  the  river  bank  until  the  overburden  became  too  thick  to  permit 
further  mining  in  that  direction.  Some  of  the  original  pay  dirt  was 
panned,  indicating  an  approximate  value  of  30  cents  per  cubic  yard, 
one  pan  containing  upward  of  300  fine  colors  of  gold,  the  average 
value  of  which  was  0.00143  cent. 
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At  the  upper  end  of  these  old  Chinese  workings  an  attempt  was 
made  last  summer  to  hydraulic  this  deposit,  a  small  stream  of  water 
under  a  30-foot  head  being  used.  The  pay  streak  was  estimated 
from  panning  to  contain  about  9  cents  per  cubic  yard.  Two  fusions 
were  made  of  the  sample  sent  to  the  concentrating  pavilion,  giving 
from  1  cent  to  13  cents  per  ton.  Half  a  mile  above  this  point  a  pay 
streak  2  feet  thick  lies  on  the  surface  of  the  bench,  with  no  overburden. 
It  extends  back  from  the  river  300  feet  to  the  foot  of  the  escarpment 
from  a  higher  bench.  Panning  here  indicates  that  this  pay  streak 
has  a  placer  value  as  high  as  9.5  cents  per  cubic  yard.  Two  fusions 
were  made  of  the  sample  taken  from  this  place,  one  showing  no  trace 
and  the  other  15.5  cents  per  ton. 

Attempts  at  mining  have  been  made  on  the  lower  terrace  at  inter- 
vals above  this  point  for  several  miles,  but  the  workings  are  now 
abandoned.  Mining  by  hydraulicking  was  in  progress  on  a  bench  at 
the  mouth  of  Stranger  Creek,  which  enters  the  Columbia  opposite 
GiflFord.     The  section  exposed  here  is  as  follows: 

Section  on  Columbia  River  at  mouth  of  Stranger  Creek. 

Feet. 

Sandy  soil 7 

Pay  dirt,  consisting  of  clay  and  gravel 1-3 

Loose  open-textured  gravel  and  sand 20 

The  pay  streak  was  tested  by  panning  at  several  places  and  is  esti- 
mated to  contain  from  40  cents  per  cubic  yard  at  the  richest  spot  to 
5J  cents  at  the  poorest.  The  sandy  silt  above  the  pay  streak  carries 
a  small  amount  of  gold,  which  is  concentrated  with  that  from  the 
pay  streak  in  hydraulicking.  Prospect  holes  at  other  places  on  this 
bench  seem  to  indicate  that  the  pay  streak  is  not  of  very  great  extent. 
A  sample  cut  from  the  top  of  the  overburden  across  the  pay  streak 
at  its  thickest  part,  thus  including  pay  streak  and  overburden,  was 
tested  by  fusion  at  the  concentrating  pavilion  and  gave  results  vary- 
ing from  14  to  32  cents  per  ton.  This  placer  is  located  on  the  bank  of 
the  river  just  below  a  ledge  of  rock  which  must  have  always  acted  as 
an  obstruction  to  the  current,  and  the  rich  deposit  here  bears  the 
same  relation  to  this  obstruction  as  do  the  deposits  at  Hell  Gate  ana 
Wilmot  Bar  to  similar  ledges. 

For  several  miles  above  the  Stranger  Creek  placer  a  terrace  at  the 
same  level  that  extends  back  from  the  river  a  distance  of  800  or  900 
feet  has  been  located  for  placer-mining  purposes.  The  sections 
exposed  in  the  river  bank  and  in  prospect  holes  indicate  a  deposit  of 
gravelly  soil  about  2  feet  thick,  resting  on  an  iron-stained  pay  streak, 
below  which  there  is  open- textured  gravel.  Panning  tests  of  these 
deposits  indicate  a  possible  value  of  a  fraction  of  a  cent  per  cubic  yard, 
to  a  depth  of  2^  feet,  but  samples  tested  by  fusion  at  the  concentrat- 
ing pavilion  showed  no  trace  of  gold.     Back  of  the  lower  terrace  there 
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is  a  higher  one  about  300  feet  above  the  river,  containing  300  or  400 
acres  of  land  that  has  also  been  included  in  placer  claims.  These 
lands,  as  far  as  could  be  ascertained,  have  a  light  sandy  soil  to  a  depth 
of  1  or  2  feet,  underlain  by  tough  clay  to  an  unkno>\Ti  depth.  No 
traces  of  gold  could  be  found  in  either  the  surface  soil  or  the  clay. 

Benches  lying  20  to  30  feet  above  the  river  level  and  similar  to 
those  wliich  have  been  described  extend  along  the  left  bank  from 
this  point  nearly  to  Kettle  Falls.  One  of  these,  2  miles  above  Daisy, 
presents  the  following  section  in  the  cut  bank  of  the  river: 

Section  on  Columbia  Hirer  j  miies  abore  Daisy. 
/  Fwt. 

Soil 1 

Iron-stained  pay  streak ' i 

Open-textured  gravel  and  yand 18 

Fragments  of  shells  of  river  inollusks  were  found  in  the  silt  just 
below  the  pay  streak.  A  sample  from  the  pay  streak  was  paimed, 
showing  a  value  of  2  or  3  cents  to  the  cubic  yard,  but  the  assays  made 
at  the  concentrating  pavilion  showed  only  a  trace  of  gold. 

A  low  bar  in  the  river  several  miles  above  Daisy,  formerly  known 
as  China  Bar  and  reported  to  have  been  worked  out  by  the  Chinese, 
was  also  tested  and  the  upper  layer  of  sand  and  gravel  yielded  about 
the  same  result — 2  or  3  cents  to  the  cubic  vard. 

SANPOIL    VALLEY. 

The  Sanpoil  Valley  is  disproportionately  large  for  the  stream  which 
it  contains.  Its  walls  are  terraced  to  almost  the  same  elevations  as 
those  of  the  Columbia  Valley  and  it  was  probably  occupied  by  an  arm 
of  the  same  lake  as  filled  the  Columbia.  It  also  resembles  the  Colum- 
bia in  that  the  lower  terraces  and  benches  are  more  irregular  than  the 
upper  ones.  Although  colors  of  gold  were  found  at  intervals  along 
this  river  they  are  not  as  uniformly  distributed  as  along  the  Columbia 
and  are  not  concentrated  in  pay  streaks  to  the  same  extent.  A  great 
many  placer  claims  have  been  located  near  the  mouth  of  West  Fork, 
in  the  vicinity  of  Alkire  post-office.  Tests  with  the  gold  pan  indi- 
cated a  value  of  about  4  cents  per  cubic  yard  in  one  or  two  small  spots, 
outside  of  which  colors  of  gold  were  very  rarely  found.  These  colors 
are  rougher  than  those  along  the  Columbia  and  average  0.0055  cent  in 
value.  A  sample  representing  thirteen  prospect  holes,  all  of  which 
were  well  located  to  find  placer  gold  if  present,  was  tested  by  fusion  at 
the  concentrating  pavilion  and  showed  no  trace  of  gold.  About  3 
miles  above  its  mouth  West  Fork  of  the  Sanpoil  receives  a  tributary 
called  Gold  Creek,  and  several  miles  up  the  latter  Strawberry  Creek 
enters.  Reports  of  miners  indicate  fair  prospects  of  gold  on  each  of 
these  latter  streams,  and  an  imperfect  examination  of  them  confirms 
the  reports.  The  deposits  along  Strawberry  Creek  are  said  to  be  of  the 
normal  creek-placer  type.     They  are  confined  to  the  bed  and  the  imme- 
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diate  flood  plain  of  the  stream,  and  the  gold  is  of  local  origin.  Below 
Alkire  the  sands  of  the  Sanpoil  Valley  were  tested  at  a  number  of 
places,  almost  invariably  with  negative  results,  though  a  few  colors 
of  gold  were  obtained  near  Keller.  No  deposits  of  gold-bearing  gravel 
that  will  justify  the  expectation  of  successful  development  occur  along 
Sanpoil  River  at  any  point  except  those  noted  on  West  Fork. 

ORIGIN  OF  THE  GOLD. 

The  ultimate  source  of  the  Columbia  River  gold  is  to  be  found  in  the 
areas  of  crystalline  and  metamorphic  rocks  to  the  north  and  east, 
which  are  known  to  contain  gold-bearing  quartz  veins,  as  well  as  other 
ore  bodies  of  various  kinds  containing  gold.  Millions  of  tons  of  such 
rocks  were  washed  away  in  the  formation  of  the  river  valley,  and  the 
deposits  with  which  the  valley  was  filled  during  the  glacial  period  rep- 
resent many  millions  more,  the  gold  content  of  which  has  been  con- 
centrated in  river  bars.  Much  of  this  gold  has  doubtless  been  carried 
many  miles,  but  that  some  of  it  is  of  comparatively  local  origin  is 
indicated  by  the  coarse  flake  gold  found  on  some  of  the  bars.  Some- 
what coarser  and  rougher  colors  of  gold  were  obtained  from  the  bed  of 
a  small  creek  several  miles  from  the  Columbia.  It  is  probable  that 
there  are  many  such  tributary  streams  in  which  colors  of  gold  can  be 
found  which  have  added  small  amounts  to  the  gold  deposits  of  the 
river. 

METHODS   OF  MINING. 

The  mining  and  collecting  of  finely  divided  gold  like  that  along  the 
Columbia  is  inevitably  more  difficult  and  requires  greater  care  and 
skill  than  ordinary  placer  mining.  The  appliances  which  have  been 
used  are  rather  simple  forms  of  rocker  or  sluice  box  equipped  with 
blanket,  carpet,  or  burlap  riffles.  Neither  quicksilver  nor  copper 
plates  are  used  in  the  boxes.  In  sluicing,  the  material  is  invariably 
passed  over  some  form  of  grizzly  which  screens  out  the  finer  part  and 
drops  it  to  an  undercurrent  or  spreads  it  over  tables  where  the  gold 
is  collected.  The  Chinese  probably  ground  sluiced  before  shoveling 
the  pay  dirt  into  the  boxes.  In  two  places  where  white  men  were 
mining  last  summer  the  whole  deposit  above  the  pay  streak  was 
hydraulicked  and  washed  into  the  sluice  with  water  under  a  small 
head  from  a  canvas  hose.  One  of  the  principal  difficulties  in  mining 
this  gold  is  encountered  at  the  clean  up.  The  gold  is  associated  with 
such  great  quantities  of  black  sand  that  it  is  almost  impossible  to  sep- 
arate it.  The  usual  method  of  collecting  the  gold  with  quicksilver  is 
laborious  and  expensive,  often  fails  to  extract  much  of  the  gold,  and 
utterly  fails  to  collect  platinum  if  it  is  present.  Experiments  made  at 
the  concentrating  pavilion  at  Portland  have  demonstrated  that  this 
separation  can  be  accomplished  economically  by  means  of  a  Wilfley 
concentrator,  but  even  by  this  means  the  expense  of  mining  would 
probably  not  be  greatly  reduced. 
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CONCLUSIONS  REGARDING  COLUMBIA  RIVER  GOLD. 

Nearly  all  the  sands  in  the  bed  of  Columbia  River  and  on  the  adjoin- 
ing terraces  and  benches  throughout  the  region  covered  by  this  exami- 
nation carry  some  fine  gold.  The  relative  amounts  have  not  been 
accurately  determined,  though  the  statements  of  miners  and  pros- 
pectors indicate  that  the  low  bars  in  the  river  bed  contain  more  gold 
than  the  deposits  on  the  benches. 

The  average  width  of  the  river  is  about  1,500  feet,  and  it  is  probable 
that  a  considerable  part  of  its  bed  from  one  side  to  the  other  is  covered 
by  sands  and  gravels  containing  some  gold.  The  gold-bearing  ter- 
races are  not  continuous  on  either  side,  being  absent  for  long  stretches, 
and  it  may  be  safely  estimated  that  if  distributed  so  as  to  be  con- 
tinuous they  would  make  a  strip  of  land  not  exceeding  300  feet  on 
each  side  of  the  river. 

Many  of  the  richer  spots  were  discovered  and  worked  out  by  Chi- 
nese, and  there  is  no  record  of  the  amount  of  gold  they  obtained. 
Moreover,  the  observations  described  in  this  report  were  not  sufficient 
to  justify  a  close  estimate  of  the  amount  of  gold  remaining.  It  would 
seem  a  liberal  estimate,  however,  to  put  the  average  width  of  the 
gold-bearing  areas,  including  the  river  bed  and  benches,  at  2,400  feet, 
the  thickness  of  the  gold-bearing  deposit  at  6  feet,  and  the  amount  of 
placer  gold  originally  contained  within  such  limits  at  1  cent  per  cubic 
yard.  On  these  terms  the  total  amount  of  gold  contained  in  the  river 
bed  and  adjacent  benches  did  not  exceed  $28,000  per  linear  mile,  and 
the  total  amount  in  the  90  miles  between  Kettle  Falls  and  Nespelem 
did  not  exceed  $2,500,000. 

This  gold  is  not  uniformly  distributed,  but  in  very  small  areas  is 
concentrated  enough  to  justify  mining,  especially  where  rich  deposits 
occur  in  the  bed  of  the  Columbia,  since  the  comparatively  cheap 
process  of  dredging  is  here  available.  The  bench  lands,  however,  are 
not  adapted  to  any  relatively  inexpensive  process  of  mining.  Hydrau- 
licking  on  a  large  scale  is  ruled  out  by  the  absence  of  bed  rock  and 
the  scarcity  of  water  at  sufficient  elevation;  dredging,  by  the  height 
of  these  deposits  above  the  river  and  the  impossibility  of  floating  the 
machinery  over  them.  Moreover,  the  possible  profits  from  mining 
the  bench  lands  would  undoubtedly  be  less  than  the  value  of  these 
lands  for  agricultural  purposes. 


GOLD  DEVELOPMENTS  IN  CENTRAL  UINTA 
COUNTY,  WYO.,  AND  AT  OTHER  POINTS 

ON  SNAKE  RIVER. 


By  Alfred  R.  Schultz. 


INTRODUCTION. 

The  present  paper  comprises  a  brief  preliminary  statement  of  some 
of  the  results  obtained  from  surveys  made  by  E.  E.  Smith,  B.  A. 
Iverson,  H.  C.  Schleuter,  and  the  writer  during  the  summer  of  1906  in 
Tps.  23  to  39  N.,  Rs.  113  to  117  W.,  inclusive,  Uinta  County,  Wyo. 

The  examination  of  this  region  was  made  primarily  for  the  purpose 
of  determining  the  locality  of  the  various  coal  and  oil  beds  that  occur 
in  Uinta  County  and  to  trace  northward  the  coal  formations  mapped 
by  A.  C.  Veatch  and  the  writer  in  southern  Uinta  County  during  the 
summer  of  1905.  In  carrying  out  this  plan  the  surveys  were  care- 
fully tied  to  the  land  corners,  and  geologic  and  sketch  topographic 
maps  were  prepared  on  a  scale  of  2  inches  to  the  mile,  with  a  contour 
interval  of  100  feet.  These  separate  field  sheets,  covering  an  area  a 
little  larger  than  that  included  in  the  above-mentioned  townships  and 
ranges,  are  now  being  compiled  into  a  single  base  map,  on  a  scale  of  1 
inch  to  the  milo,  which  will  show  all  the  streams,  land  corners,  houses, 
fences,  roads,  and  trails  found  in  this  examination  and  will  be  used  sis 
a  base  for  the  several  maps  that  will  accompany  the  complete  report 
now  in  preparation.  These  maps  will  show  the  areal  and  structural 
geology,  the  location  and  depth  of  the  coal  beds,  the  location  of  the 
oil-bearing,  shales,  the  occurrence  of  iron  and  gold,  and  the  regions 
where  they  may  be  found.  It  is  the  purpose  in  this  preliminary 
report  to  give  a  short  description  of  the  occurrence  of  gold  in  central 
Uinta  County  and  point  out  to  what  extent  development  has  been 
carried.  The  detailed  report  on  this  area,  to  which  the  reader  is 
referred  for  further  information,  will  probably  be  ready  for  distribu- 
tion during  the  spring  of  1908. 

SURFACE  FEATURES. 

This  area  has  an  elevation  ranging  from  5,700  feet  on  Snake  River 
to  11,500  feet  on  the  crest  of  the  mountain  ranges.     In  the  vicinity  of 

71 


72  CONTRIBUTIONS   TO    ECONOMIC    GEOLOGY,  11)06,  PART   I. 

Sheep  Creek,  a  tributary  to  John  Days  River,  wliere  the  most  nigged 
topography  was  encountered,  there  is  a  change  in  the  elevation  of 
3,000  feet  m  less  than  half  a  mile.  The  area  is  traversed  from  west 
of  north  to  east  of  south  by  two  parallel  moimtain  ranges — Salt  River 
Range  and  Wyommg  Range — and  is  bounded  on  the  northeast  by 
the  Gros  Ventre  Mountains,  which  extend  in  an  east-southeast  and 
west-northwest  direction.  Near  the  south  end  of  the  area  the  Salt 
River  and  Wyoming  ranges  become  lower,  passing  into  Absaroka 
Ridge  and  Meridian  Fold,  respectively,  and  they  finally  lose  their 
topographic  importance  south  of  the  area,  where  the  rocks  of  which 
they  are  composed  are  deeply  buried  by  Tertiarj^  deposits.  There 
are  numerous  minor  ridges  and  folds,  in  general  more  or  less  parallel 
to  the  main  ridges,  tlie  most  important  being  the  Hoback  Range, 
which  connects  the  Wyommg  Range  and  the  Gros  Ventre  Mountains. 
To  the  east  of  the  Wyoming  Range  is  the  great  plain-like  basin  of 
Green  River,  whose  mean  elevation  is  about  7,500  feet.  The  entire 
area,  except  a  narrow  strip  along  the  eastern  margin,  is  a  rugged  suc- 
cession of  mountain  peaks  and  ridges  cut  by  numerous  gorges  and 
canyons  whose  walls  often  are  in  places  nearly  perpendicular.  Many 
of  the  hills,  valleys,  and  slopes  are  well  timbered  with  pine,  fir,  and 
spruce. 

The  drainage  belongs  to  three  great  systems — Snake  River,  whose 
waters  flow  into  the  Pacific;  Green  River,  whose  waters  fiow  into  the 
Gulf  of  California;  and  Bear  River,  whose  waters  enter  the  Great 
Basin.  The  greater  part  of  the  drainage  area  is  almost  equally 
divided  between  Snake  and  Green  rivers,  with  a  margin  in  favor  of 
Snake  River,  only  a  small  area  in  the  southwestern  portion  being 
drained  by  the  tributaries  of  Bear  River. 

STRATIGRAPHY. 

The  survey  of  last  summer  was  carried  on  with  special  reference  to 
coal,  nearly  all  of  the  work  being  restricted  to  the  coal-bearing  forma- 
tions. Some  time  was  devoted  to  the  formations  contiguous  to  the 
coal-bearing  rocks,  and  sufficient  information  regarding  their  age  was 
obtained  to  correlate  them  with  similar  beds  in  other  parts  of  the 
country.  The  fossils  collected  were  studied  by  Dr.  T.  W.  Stanton  and 
indicate  that  the  formations  studied  and  mapped  in  the  field  (PI.  I) 
are  of  Jurassic  age  and  form  the  upper  portion  of  the  Jurassic  in  this- 
area.® 

«  For  the  geologic  time  values  of  the  rocks  other  than  those  mapped  in  PL  I  see  Veatch,  A.  C,  Coal 
and  oil  in  southern  Uinta  County,  Wyo.:  Bull.  U.  S.  Ceol.  Survey  No.  2&'5, 190(),  pp.  332-334;  or  the  report 
by  tho  writer  on  coal  in  central  Uinta  County,  Wyo.,  now  in  preparation. 
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STRUCTURE. 

The  main  disturbance  in  this  area  occurred  near  the  close  of  the 
Cretaceous  period,  during  the  interval  marked  by  the  unconformity 
between  the  lower  Laramie  and  Evanston  °'  formations.  A  second  and 
minor  disturbance  occurred  after  the  deposition  of  the  Evanston 
beds.  The  movement  during  this  disturbance  was  for  the  most  part 
along  several  of  the  old  lines  of  weakness,  faulting  and  tilting  the 
younger  beds  so  that  they  dip  in  some  places  from  40°  to  50°  and  in  an 
opposite  direction  to  the  older  underlying  beds.  A  third  disturbance 
may  have  occurred  between  the  deposition  of  Jurassic  and  the  Bear 
River.  There  are  some  evidences  indicating  that  the  lower  Creta- 
ceous is  entirely  wanting  in  this  area,  but  this  has  not  been  positively 
proved.  There  was,  however,  at  this  time  no  great  disturbance  asso- 
ciated with  folding  and  faulting,  for  throughout  the  area  the  Bear 
River  formation  is  apparently  conformable  upon  the  known  Jiu-assic 
beds. 

The  principal  structural  features  of  this  region  are  parallel  to  each 
other  and  have  a  north-south  trend  with  a  slight  westward  deflection, 
which  increases  toward  the  north.  These  are  the  direct  northward 
continuation  of  the  faults  and  folds  observed  in  the  northern  portion 
of  the  area  mapped  in  southern  Uinta  County  during  the  summer  of 
1905.  The  important  structural  features  at  the  south  end  of  the  area 
here  considered,  named  in  order  from  east  to  west,  are  (1)  a  rather 
regular  anticline,  with  two  or  more  secondary  folds — the  Meridian 
anticline;  (2)  a  rather  regular  syncline,  in  places  slightly  overturned — 
the  Lazeart  syncline ;  (3)  a  large  and  persistent  faulted  anticline,  with 
a  downthrow  to  the  east  and  a  displacement  of  14,000  to  15,000  feet; 
and  (4)  a  broad  syncline — the  Fossil  syncline — which  lies  for  the  most 
part  west  of  this  area.  To  the  north  the  structural  conditions 
become  more  complicated.  Several  new  folds  and  faults  occur,  and 
the  entire  region  is  more  disturbed,  giving  rise  to  the  Hoback,  Wyo- 
ming, and  Salt  River  ranges.  The  important  structural  features  at 
the  north  end  of  the  area,  named  in  order  from  east  to  west,  are  (1)  a 
rather  irregular,  complex  anticlinorium  which  gives  rise  to  the  Hoback 
Range  and  passes  toward  the  south  into  a  regular  anticline;  (2)  a 
synclinorium,  the  south  end  of  which  is  a  monosyncline,  with  beds 
dipping  from  25°  to  45°  W. ;  (3)  a  faulted  anticline,  with  a  downthrow 
to  the  east  and  a  displacement  of  about  15,000  feet;  (4)  the  north- 
ward continuation  of  the  Lazeart  syncline,  which  develops  a  sec- 
ondary fold  in  the  vicinity  of  Snake  River;  (5)  the  northward  con- 

o  Evanston  as  here  used  is  the  same  as  the  Evanston  formation  in  southwestern  Uinta  County.  (See 
contributions  to  Economic  Geology,  1905:  Bull.  U.  S.  (iool.  Survey  No.  285,  1900,  pp.  332,  335.)  C.  A. 
White  (Eleventh  Ann.  Rcpt.  U.  S.  Geol.  and  Geog.  Survey  Terr.,  1879,  pp.  240-241)  used  the  name  "Evans- 
ton coal  series"  in  referring  to  the  coal-bearing  beds  of  Almy  below  the  Wasatch  and  above  the  Bear 
River.  .  Lcsquereux  (Sixth  Ann.  Rept.  Geol.  Survey  Terr.,  1873,  p.  409)  used  the  tenn  "p:vanston 
deposits." 
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tinuation  of  the  Absaroka  fault,  which  here  lies  along  the  east  base  of 
the  Salt  River  Range.  The  displacement  along  this  fault  is  about  the 
same  as  in  the  south  end  of  this  area.  The  Salt  River  Range  has  been 
uplifted  and  its  component  rocks  thrown  into  the  sharpest  folds.  As 
most  of  the  range  lies  west  of  this  area,  no  detailed  sections  were  made 
across  it,  but  very  probably  the  same  type  of  structure  exists  here 
as  in  the  Hoback  Range.  The  faulted  anticline  (3)  gives  rise  to  the 
Wyoming  Range,  and  the  fault  extends  approximately  along  the 
ejtstem  base  of  the  range  in  much  the  same  manner  as  the  Absaroka 
fault  along  the  Salt  River  Range.  These  two  faults  are  connected  by  * 
a  cross  fault  in  which  the  downthrow  is  on  the  south,  with  a  displace- 
ment of  about  5,000  feet.  Near  the  south  end  of  the  Wyoming 
Range  two  or  more  secondary  folds  are  developed. 

MINING    DEVELOPMENTS. 
GOLD   IN   THE    ROCKS. 

The  gold  that  has  thus  far  been  reported  lies  in  the  northern  third 
of  the  area  above  described.  The  reported  gold  on  the  east  side  of  the 
Wyoming  Range  occurs  in  sedimentary  rocks  of  Jurassic  age.  The 
only  prospecting  that  has  been  done  is  in  the  vicinity  of  Horse  Creek, 
in  T.  34  N.,  R.  1 14  and  1 15  W.  Numerous  claims  have  been  staked  out 
along  this  creek,  but  thus  far  practically  no  development  work  ha^ 
been  carried  on.  A  few  shallow  pits  have  been  opened  on  both  sides  of 
the  creek.  Some  of  these  pits  were  visited  by  E.  E.  Smith  and  the^ 
writer  last  summer,  but  no  indications  of  gold  were  visible.  It  is 
reported  locally  by  persons  who  are  interested  in  the  claims  that  sev- 
eral assays  of  the  rock  on  Horse  Creek  show  high  values  in  gold  and 
silver.  Among  the  best  was  a  sample  taken  from  the  ledge  on  Wesley 
Vickery's  claim,  where  the  rock  is  said  to  assay  as  high  as  $66  per  ton 
in  gold  and  a  maximum  of  about  $18  per  ton  in  silver.  This  claim 
was  not  visited  nor  any  of  the  rock  samples  seen  by  members  of  this 
party  while  on  Horse  Creek,  but  the  sample  sent  by  Mr.  Vickery  from 
his  40-foot  tunnel  looks  promising,  and  if  much  such  came  from  this 
vicinity  it  would  certainly  justify  further  development.  The  Jurassic 
rocks  here  consist  of  bluish-gray  shales  and  limestones,  with  some 
gray  and  yellow  sandstone  interbedded  with  dark-gray  shales.  They 
lie  on  the  west  side  of  the  anticlinal  fold  and  the  beds  dip  toward  the 
west  at  angles  of  30°  to  45°.  On  the  north  side  of  Horse  Creek  the 
strike  turns  abruptly  and  continues  N.  40°  W.  approximately  along 
the  trend  of  the  stream  which  here  follows  the  outcrop  of  the  Benton 
shale.  In  this  locality  the  Jurassic  beds  are  slightly  brecciated  and 
contain  numerous  small  seams  of  calcite.  Some  of  the  rock  shows 
considerable  iron  pyrite,  and  in  many  places  iron  stains  are  associated 
with  the  calcite  cavities.     The  claims  are  by  no  means  restricted  to 
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the  Jurassic  outcrop,  but  cover  the  Bear  River  and  Benton  shale  out- 
crop as  well.  In  neither  of  these  sedimentary  beds  was  there  any  evi- 
dence of  gold  deposits.  In  several  localities,  however  (as  reported), 
fibae  gold  particles  or  flakes  have  been  found  in  the  Benton  shale. 
Wherever  found,  the  flakes  are  disseminated  through  the  shale  and 
occur  in  very  small  quantities.  It  is  said  that  two  assays  have  been 
made  of  these  shales  and  that  traces  of  gold  were  found  in  both 
samples. 

PLACER    DEPOSITS. 
OOGURRENCE  AKD  CHAKAGTEKISTIOS. 

Gold  was  observed  at  various  points  on  Snake  River  and  its  tribu- 
taries. It  occurs  either  in  the  gravels  forming  the  terraces  along  the 
streams  or  in  the  deposits  of  bowlders,  gravel,  and  sand  filling  the 
channels  or  forming  the  beds  of  the  streams. 

Interesting  examples  of  terrace  formation  are  seen  on  both  sides  of 
Snake  and  Hoback  rivers  at  points  where  the  valley  expansions  permit 
their  preservation.  At  several  places  along  Snake  River  above  the 
canyon  the  terrace  declivity  shows  a  thickness  of  10  to  15  feet  of  hori- 
zontal stratified  pebbles  and  bowlders  at  elevations  ranging  from  50 
to  100  feet  above  the  river  bed,  and  some  of  the  highest  terraces  are 
as  much  as  200  feet  above  the  river.  The  terraces  slope  gently  toward 
the  center  of  the  valley,  and  their  slopes  are  strewn  with  water-worn 
rock  fragments  similar  to  the  material  found  in  the  river  bed.  The 
material  consists  chiefly  of  quartz,  with  some  granites,  schists,  shales, 
slate,  and  sandstones,  and  here  and  there  some  volcanic  material, 
which  no  doubt  is  derived  from  the  upper  Snake  in  the  vicinity  of  the 
Yellowstone  National  Park.  Snake  River,  between  the  canyon  and  the 
mouth  of  Hoback  River,  occupies  in  many  places  a  wide  shoal  bed  and 
in  autumn  exposes  extensive  bars  of  shingle  and  cobblestone,  among 
which  the  river  winds  in  several  channels.  Many  of  the  terraces  along 
Hoback  River,  below  the  canyon,  extend  back  one-quarter  to  one-half 
mile  from  the  present  river  channel,  whose  bed  is  paved  with  water- 
worn  pebbles  similar  to  the  material  found  in  the  Snake  River  channel, 
the  granites  and  schists  coming  from  the  Gros  Ventre  Mountains  sev- 
eral miles  to  the  northeast.  Near  the  lower  end  of  Hoback  River,  where 
the  stream  cuts  across  two  anticlines  of  low  dip  and  the  eroded  sand- 
stones and  shales  produce  ripples  in  the  stream,  several  flakes  or 
scales  of  gold  were  found  in  the  sands  accumulated  near  the  water's 
edge.  Whether  these  gold  flakes  occur  in  the  gravels  farther  up  Fall 
River  above  the  canyon  and  along  its  tributaries  heading  in  the  Gros 
Ventre  Mountains  was  not  determined.  Numerous  small  streams  that 
emerge  from  the  mountains  can  be  utilized  in  sluicing  operations  or 
for  generating  power  to  run  a  concentrating  plant. 
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That  these  upjKT  Snake  Kiver  jijavels  contain  gold  has  been  known 
for  some  time,  and  as  early  jis  1S(V2  prosjK»et  ors  were  trying  to  extract 
the  shining  colors  or  gold  flakes  from  the  coarse  gravels  and  fine  sand 
along  the  stream.  Some  of  the  first  workings  on  the  Snake  above  the 
Grand  Canyon  were  in  Jackson  Hole,  north  of  Gros  Ventre  River. 
These  early  discoveries  are  described  by  Frank  H.  Bradley,**  in  his 
report  on  the  wSnake  River  expedition  in  1S72,  as  follows: 

A  considerable  oxcitcment  wa?*  stirrtHl  up,  a  few  years  sin(»e,  by  n»ported  discoveries 
of  plac(»r  gold  in  large  quantiti(>8  on  the  upper  Snake,  and  many  pnippoctors  visited  this 
region.  A  small  hydraulic  operaticm  wat*  un<l<Ttak(n  near  this  point;  but  the  gold  was 
t(K)  fine  and  in  t(M)  small  quantities  to  pay.  and  the  whole  n'gion  was  entirely  abandoncnl 
after  a  few  m(mths.  The  coarse  gold,  found  on  the  lower  jwirt  of  the  Snake,  appt^ars  to 
have  entered  the  river  below  the  canyon,  which  is  still  to  the  southward  of  us. 

In  1878  Orestes  St.  John''  found  on  the  terraced  interval  along 
Snake  River  in  the  vicinity  of  Bailey  Creek  indications  of  old  placer 
workings  that  had  been  opened  in  IH70  by  a  party  of  miners  asso- 
ciated with  Jeff  Stantiford.  The  enterprise  was,  however,  interfered 
with  by  the  Indians  and  organizetl  mining  operations  w^ere  discon- 
tinued. In  recent  years  considerable  prospecting  has  been  done  along 
Snake  and  Hoback  rivers,  but  very  little  real  development  work  has 
been  carried  on.  Claims  have  been  located  and  staked  out  on  the 
gravel  terraces  along  the  greater  portion  of  Snake  River  and  along 
Hoback  River  below  its  canyon,  but  only  enough  work  has  been  done 
to  hold  the  claims. 

The  placer-gold  deposits  along  Snake  River  may  be  classed  as 
stream  placers  and  bench  placers.  The  stream  placers  consist  of 
the  deposits  of  bowlders,  gravels,  and  sand  that  form  bars, banks,  fills, 
and  shoals  in  or  adjacent  to  the  streams,  filling  the  channels  and 
forming  the  stream  beds.  Many  of  the  bars,  banks,  and  fills  are  only 
temporary  and  vary  more  or  less  during  every  heavy  storm.  The 
bench  placers  are  located  in  the  old  stream  deposits,  which  are  at 
present  represented  by  the  terrace  remnants  that  mark  the  former 
level  of  the  stream  at  a  considerable  elevation  above  the  present  river 
bed.  None  of  the  stream-placer  deposits  within  the  area  are  at 
present  worked  and  only  in  two  localities  are  the  bench  placers  mined 
systematically.  These  are  on  Andrew  J.  Davis's  claim  on  the  east  bank 
of  the  river,  north  of  the  mouth  of  Bailey  Creek,  and  on  HoflPer  & 
Rosencrans's  claim  at  Pine  Bar,  on  the  south  side  of  Snake  Kiver  at 
the  mouth  of  Pine  Creek,  1^  miles  below  the  mouth  of  Bailey  Creek. 
(See  map,  PL  I.) 


o  Sixth  Ann.  Ropt.  V.  S.  Gcol.  Survey  Torr.,  1873,  p.  206. 

6  Twelfth  Ann.  Kept.  V.  S.  Geol.  and  (Jeog.  Survey  Terr.,  pt.  1,  X883,  p.  19& 
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DAVIS  DIGH}nr08. 

The  placer  workings  on  the  Davis  claim  are  on  a  low  terrace  along 
the  east  side  of  Snake  River,  extending  from  the  mouth  of  Bailey 
Creek  about  half  a  mile  to  the  north.  They  are  in  the  vicinity  of 
those  opened  by  Stantiford  in  1870.  There  are  two  distinct  terraces 
here,  and  Mr.  Davis  is  at  present  working  parts  of  both.  The  fine 
flour  or  flake  gold  of  a  high  degree  of  fineness  occurs  all  through  th^ 
gravel,  but  is  much  more  abundant  in  some  streaks  than  in  others. 
One  of  the  main  pay  streaks  near  the  Snake  River  channel  is  from  4 
to  6  inches  thick  and  is  overlain  by  4  to  6  feet  of  gravel  that  contains 
much  lower  values  in  gold  and  is  in  turn  overlain  by  a  nearly  barren 
gravel  bed  4  to  5  feet  thick  that  extends  to  the  surface.  The  rich  pay 
streak,  from  8  to  10  feet  below  the  surface,  makes  it  profitable  to 
work  the  entire  bank.  On  working  back  into  the  bank  away  from  the 
river,  these  seams  are  found  to  rise  and  a  new  pay  streak  about  6 
feet  thick  and  richer  than  the  other  one  is  encountered.  The  new 
pay  streak  drops  slightly  farther  east  and  probably  represents  the 
deposits  of  an  older  channel  of  Snake  River.  The  different  placer 
mines  and  even  parts  of  the  same  terrace  vary  considerably  in  the 
character  of  the  deposits  and  arrangement  of  their  beds. 

Water  for  hydraulicking  is  brought  in  a  ditch  from  a  point  some  dis- 
tance up  Bailey  Creek  and  used  to  break  down  the  gravels,  wash  out 
the  gold  and  fine  particles,  and  sluice  through  the  flume.  Sometimes 
the  gravel  is  shoveled  into  the  sluice  boxes  and  in  both  methods  the 
large  bowlders  are  piled  up  in  rows  between  the  boxes  so  as  to  retain 
as  much  of  the  grade  as  possible  and  still  work  the  lower  pay  streaks. 
The  fine  material  drops  through  a  series  of  steel-punched  screens  near 
the  lower  end  of  the  sluice  and  is  diverted  at  right  angles  through  a 
distributing  box  onto  a  series  of  inclined  tables  about  4  feet  wide  and 
several  feet  long,  covered  with  canvas  or  burlap,  on  which  the  gold 
and  concentrates  readily  settle.  About  four-fifths  of  the  gold  and 
heavy  concentrates  are  caught  on  the  first  few  feet  of  the  tables  and 
are  swept  into  a  tray  every  few  hours  by  diverting  the  pulp  and  turn- 
ing on  clear  water.  In  order  to  catch  the  gold  that  may  have  escaped 
from  the  tables  several  boxes  are  placed  in  the  path  of  the  water 
between  the  tables  and  the  river  and  the  material  collected  in  these 
boxes  is  run  over  the  tables  a  second  time.  The  concentrates  and 
gold  are  stored  until  a  sufficient  batch  is  accumulated  and  are  then 
placed  in  a  small  churn,  or  grinding  pan,  which  is  run  by  water 
power  from  the  sluice  box.  Quicksilver  and  warm  water  are  added 
to  the  concentrates  and  the  machine  set  in  motion.  The  gold  amal- 
gamates readily  after  a  few  hours  of  grinding  and  is  then  run  into 
bars  or  sheets  ready  for  the  market.  The  gravels  at  these  terraces, 
as  shown  by  the  workings  for  the  last  few  years,  run  from  3  cents  to  $3 
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per  cubic  yard.  Pay  streaks  that  run  $2  to  $3  per  cubic  yard  are  very 
thin  and  rare.  The  average  run  of  the  gravels,  all  the  pay  streaks, 
and  the  comparatively  barren  gravels  being  considered  together,  is 
between  7  and  10  cents  per  cubic  yard.  Only  one  piece  of  coarse 
gold  has  thus  far  been  found  at  this  place.  The  nugget  was  said  to 
be  about  half  the  size  of  a  tenpenny  nail. 

During  the  last  year  several  hundred  dollars  worth  of  gold  was 
taken  from  this  area.  In  Mineral  Resources  of  the  United  States 
for  1905,  page  341,  the  following  statement  is  made  under  the  heading 
of  Uinta  County,  Wyo.:  ^'A  little  placer  gold  is  reported  from  Jack- 
son Hole  near  the  western  boundary  line  of  the  State." 

Four  samples  of  black-sand  concentrates  were  taken  from  Davis 
diggings  and  David  T.  Day  in  his  report  on  these  samples  makes  the 
following  statement: 

These  samples  consist  largely  of  magnetite.  No.  1,  apparently  not  much  concen- 
trated, containing  1  ounce  of  magnetite  to  4^  ounces  of  the  original  material.  They 
are  all  rich  in  gold  but  contain  no  platinum.  The  percentage  of  gold  was  not  deter- 
mined, but  they  will  all  range  from  $30  to  $100  per  ton  and  probably  more.  This  gold 
could  easily  be  extracted  })y  means  of  shaking  tables  of  the  Pinder,  Wilfley,  Woodbury, 
or  Deister  type,  but  it  is  doubtful  whether  very  much  can  be  taken  out  by  other  means, 
certainly  not  by  sluice  boxes,  as  you  have  probably  already  found. 

Doctor  Day  in  his  work  on  the  investigation  of  black  sands  from 
placer  mines®  found  that  the  effective  operation  of  these  concentrate 
tables  is  comparatively  independent  of  the  fineness  of  the  gold.  In 
many  sands,  gold  as  fine  as  200  mesh  is  readily  saved  on  the  tables, 
frequently  from  95  to  98  per  cent  of  the  total  assayed  value.  A  brief 
description  of  these  tables  and  additional  data  on  the  black  sands  of 
the  Pacific  slope  by  David  T.  Day  and  R.  II.  Richards  may  be  found 
in  Mineral  Resources  of  the  United  States  for  1905,  pp.  1175-1258. 

PINE  BAR  DIOOIKOS. 

The  terrace  at  the  mouth  of  Pine  Creek,  on  the  south  side  of  Snake 
River,  has  been  worked  during  the  last  two  years  by  Ivan  L.  HoflFer 
and  L.  M.  Rosencrans.  The  methods  employed  are  much  the  same 
as  those  above  described  for  the  Davis  diggingrs.  The  water  for 
hydraulicking  is  brought  from  a  point  some  distance  up  Pine  Creek 
in  a  ditch  across  the  bench  and  used  wherever  it  may  be  desired. 
The  terrace  or  old  bar  at  this  point  is  1  mile  long  and  one-twelfth  to 
one-eighth  mile  wide.  The  terrace  for  the  m^ .  *-  part  is  from  40  to  50 
feet  above  the  water  level  in  Snake  River. 

Mr.  Hoffer  informed  the  writer  that  on  this  bar  there  is  about  8  feet 
of  overlying  gravel  that  contains  about  15  very  fine  colors  per  cubic 
foot,  followed  by  32  feet  of  gold-bearing  gravel  to  water  level  without 
striking  bed  rock.  So  far  only  the  upper  12  feet  of  this  gravel,  which 
is  supposed  to  be  better  than  that  lower  down,  has  been  worked. 

a  Bull.  No.  285,  U.  S.  Geol.  Survey,  1906,  p.  164. 
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The  following  figures  furnished  by  Mr.  Hoffer  give  the  run  of  gold 
in  colors  for  the  first  12  feet  of  gravels  as  tested  in  two  different  places : 

Colors  of  gold  in  upper  gravel  at  Pine  Bar  diggings. 


Depth  in 
teet. 

Colors  per  cubic  foot. 

A. 

B. 

6,300 

3,600 

16,200 

11,700 

11,700 

4,500 

5,400 

900 

1 
2 
3 
4 
5 
6 
7 
8 

7,200 
23,400 

8,100 
106,200 

8,100 
22,500 

3,600 
17,100 

196,200 

60,300 

The  tests  were  made  on  one-thirtieth  cubic  foot  of  gravel  carefully 
measured  and  the  results  per  cubic  foot  were  obtained  by  multiplying 
ttese  values  by  30.  About  1,000  to  1,200  colors  make  1  cent  value. 
Thus  it  will  be  observed  that  this  8  feet  of  gravel,  both  tests  being 
averaged,  prospects  from  12  to  14  cents  per  cubic  yard.  Including 
the  upper  8  feet,  the  value  for  16-foot  depth  averages  about  7  cents 
per  cubic  yard.  Working  to  a  depth  of  20  feet  or  more  should  slightly 
raise  this  value.  In  a  few  places  small  streaks  running  up  to  $2  per 
cubic  yard  have  been  cut.  Most  of  these  streaks  occur  on  top  of  the 
gold  gravels  immediately  below  the  overlying  8  feet  of  comparatively 
barren  material. 

OTHER  W0RKIKO8  ALONG  SNAKE  RIVEE. 

Ivan  L.  Hoffer,  who  is  fairly  well  acquainted  with  the  placers  of 
\ipper  Snake  River  from  Milner,  Idaho,  to  the  head  of  the  river,  states 
that  the  gold  is  much  the  same  in  character  throughout  the  length  of 
the  stream,  being  a  flour  gold  of  a  high  degree  of  fineness.  The 
placer  miner  usually  recognizes  two  kinds  of  this  gold — the  free  flakes 
a,nd  the  coated.  The  different  placers,  however,  show  great  variation 
in  character  of  the  deposits  and  distribution  of  the  pay  streaks.  The 
locations  of  a  number  of  placer  workings  along  Snake  River  between 
the  Davis  diggings  and  Milner,  Idaho,  are  indicated  on  the  index  map 
in  PI.  II  by  numbers  corresponding  to  those  in  the  following  notes, 
Avhich  were  furnished  by  Mr.  Hoffer: 

1.  Davis  diggings,  described  above. 

2.  Pine  Bar  diggings,  described  above. 

3.  McCoy  Creek.  The  bars  of  Snake  River  opposite  the  mouth  of  this  creek  have 
been  worked  some,  but  at  present  are  idle.  At  the  head  of  the  creek,  however,  are 
large  hydraulic  placers  that  make  a  good  clean  up  each  year.  It  is  claimed  that  they 
have  enough  ground  to  last  a  good  many  years  at  their  present  rate  of  working. 

4.  Market  Lake.  This  neighborhood  has  been  the  scene  of  a  number  of  small  placer 
excitements  in  the  past,  but  it  is  not  known  whether  any  work  is  being  done  here  at 
present.  Some  dirt  running  as  high  as  $7  per  cubic  yard  has  been  taken  out  of  the 
placers  at  this  point  but  the  rich  pay  streaks  were  very  small  in  extent.  Between  the 
mouth  of  McCoy  Creek  and  Market  Lake  the  river  is  apparently  barren. 

Bull.  315—07 6 
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5.  Four  miles  below  Blackfoot,  Idaho,  is  the  most  extensive  bar  worked  for  placer 
mining  on  upper  Snake  River.  It  is  owned  by  J.  G.  Walsh  and  is  worked  by  leasers, 
two  parties  operating  each  year.  A  well-equipped  drcnige  is  usually  run  in  the  river 
at  this  point,  but  was  not  used  last  season. 

6.  During  last  season  this  placer  was  operated  by  Mr.  Cole,  but  with  what  success 
has  not  been  learned. 

7.  Not  working  at  present.  Owned  by  a  Portland  company  that  has  considerable 
machinery  and  a  small  dredge  on  the  ground. 

8.  I.  L.  Hoffer  property.     Assessment  work  only  has  b€»en  done  at  this  point. 

9.  Franklin  mine,  one  of  the  best  known  on  Snake  River,  owned  by  Mary  Franklin 
and  Campbell  <fe  Stebbin.  Reported  yield,  $56,000.  This  claim  consists  of  separate 
holdings. 

10.  Sorenson  mine,  owned  by  Julius  Sorenson,  of  Nc^eley,  Idaho,  and  worked  by  a 
company  represented  by  Theodore  Lindsley,  of  Neeley.  This  is  the  best  mine  on 
upper  Snake  River,  having  richer  paid  dirt  than  any  other  mine  worked. 

"11.  I.  L.  Hoffer  claim,  practically  worked  out.    Some  dirt  running  as  high  as  |100 
per  cubic  yard  was  taken  out  At  this  point. 

12.  Worked  by  Dunn  &  Hand.  The  old  style  of  placer  workings  will  in  time 
be  crowded  out  here  on  account  of  the  backwater  from  the  Minidoka  dam  but  dredging 
will  no  doubt  be  done. 

13.  A  few  miles  below  the  Minidoka  dam,  E.  A.  Keats  owns  160  acres  on  which  he 
has  done  some  rocker  work  for,nine  or  ten  years.  Before  beginning  sluicing  operations 
he  is  waiting  for  water  from  the  Government  ditch.  A  few  miles  below  this  point, 
opposite  Peterson's  ranch,  is  a  bar  on  which  some  work  is  being  done  by  Frank 
Eblett.  This  is  the  last  of  the  workings  above  Milner,  Idaho,  as  the  backwater  of 
the  Milner  dam  has  driven  out  those  operating  on  Snake  River  between  this  place 
and  Milner. 

14.  I.  L.  Hoffer  claim;  worked  out. 

Robert  N.  Bell,  State  inspector  of  mines,  Boise,  Idaho,  states  that 
in  southern  Idaho  the  counties  bordering  Snake  River  annually 
report  to  the  United  States  assay  office  at  Boise  small  shipments  of 
gold  derived  from  sluicing  operations  along  the  lower  bars  that  border 
the  stream  for  miles.  These  small  operators  are  satisfied  with  $2  to 
$4  per  day  per  man.  During  the  summer  they  pick  a  favorable 
place  along  the  first  terrace  that  rises  10  to  20  feet  above  high-water 
mark  and  affords  a  dump.  They  then  build  what  is  locally  called 
a  ^'machine,''  consisting  of  about  30  feet  of  3  to  4  foot  sluice,  floored 
with  a  steel-punched  screen,  and  begin  operations.  (For  methods, 
see  p.  77.)  The  water  for  sluicing  is  generally  derived  from  some  of 
the  big  irrigating  canals  or  small  streams  in  the  mountains.  This 
simple  device  intelligently  handled  will  save  a  large  percentage  of 
the  visible  fine  gold  of  the  Snake  River  gravels,  and  is  applicable 
as  well  to  the  large  dredging  operations.  Some  of  these  bars  in  the 
past  have  given  this  portion  of  the  State  a  fair  standing  in  the  pro- 
duction of  gold. 

That  part  of  Snake  River  which  forms  the  boundary  between 
Lincoln  and  Cassia  counties,  Idaho,  was  the  scene  several  years  ago 
of  the  most  successful  gold-dredging  enterprise  that  has  ever  been 
conducted  for  the  treatment  of  the  extensive  beds  of  fine  gold- 
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bearing  gravels  for  which  Snake  River  is  noted.     The  dredge  was' 

operated  by  the  Sweetzer-Burroughs  Dredging  Company,  of  Minidoka, 

whose  plant  and  methods  were  described  in  detail  in  the  Engineering 

and  Mining  Journal,  February  15,  1902  (reprinted  in  the  report  of 

the  Idaho  inspector  of  mines,  for  1904).     This  plant  was  a  suction 

dredge  that  ran  several  years  and  handled  3,000  cubic  yards  per  day, 

saving  probably  about  half  of  the  gold  content  of  the  gravel  raised 

from  the  low  bars  in  and  along  the  borders  of  the  stream  between 

high  and  low  water  marks.     This  company^ s  operations  commenced 

in  the  spring  of  1894,  when  it  practically  had  the  choice  of  the  stream. 

The  results  obtained,  the  best  layers  of  gravel  being  skimmed  to 

about  6  feet,  averaged  all  through  less  than  10  cents  per  cubic  yard. 

After  several  years  of  continuous  operation,  which  resulted  in  one 

810,000  dividend,  the  enterprise  was  abandoned,  as  the  possible  margin 

of  profit  was  too  small  to  warrant  its  continuance. 

Robert  N.  Bell,  iil  writing  of  the  Snake  River  gravels  in  the  vicinity 
of  Minidoka,  Idaho,  makes  the  following  statement:  ^ 

I  am  skeptical  about  the  invisible  gold  contents  of  these  gravel  deposits,  except 
the  coated  gold,  which  is  rieadily  recognized.  The  Snake  River  fine  gold  is  finer  than 
any  natural  placer  gold  that  I  know  of.  It  is  high  grade,  but  requires  fully  1,000 
to  1,500  colors  to  weigh  1  cent  in  value.  Yet  under  a  powerful  microscope  each 
color  is  an  individual  nugget  showing  abrasion  marks.  These  particles  are  even 
cx)ated,  touched,  or  spotted  with  a  crystalline  white  film,  with  some  foreign  substance 
that  looks  like  silica  under  the  glass,  and  this  is  what  makes  it  necessary  to  polish  it 
in  the  grinding  pan  before  it  will  amalgamate  freely.  The  size  of  the  particles  ranges 
"within  comparatively  narrow  limits,  but  there  is  no  gradual  shading  from  the  smaller 
<?olors  into  imperceptible  dust,  and  if  the  gravel  contains  any  invisible  gold  that  can 
not  be  recognized  in  an  ordinary  pan  with  the  naked  eye,  it  must  be  locked  up  in  the 
particles  of  heavy  concentrates. 

The  Government  dam  at  Minidoka  has  raised  the  water  over  an 
adjacent  high  terrace  that  represents  an  old  river  bed  and  contains 
some  of  the  best  values  in  fine  gold  along  Snake  River.  This  terrace 
is  known  as  Di^^mond  Bar,  and  the  shallow  water  now  covering  it 
affords  a  pond  with  sufficient  water  to  float  a  chain-bucket  or  suction 
dredge,  either  one  of  which  is  adapted  for  treating  this  ground.  A 
plan  to  dredge  the  terrace  has  lately  received  considerable  attention 
from  promoters,  and  already  one  company  has  organized  and  pur- 
chased several  claims  near  the  lower  end  of  the  backwater,  with  a 
view  of  installing  a  dredge  and  taking  advantage  of  the  favorable 
situation  created  by  the  Government  irrigation  enterprise. 

In  May  and  June,  1906,  before  the  water  was  ponded  above  the 
dam,  some  prospecting  on  these  gravels  was  done  by  the  United  States 
Geological  Survey.  The  land  examined  by  L.  G.  Gillette  and  W.  L. 
Walker  consisted  of  certain  claims  along  Snake  River  in  Idaho  which 
would  be  submerged  when  the  lake  formed  by  the  dam  at  Minidoka 

o  In  a  letter  to  the  writer,  January  12, 1907. 
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was  full.  The  claim  farthest  upstream  that  was  examined  was  the 
Golden  Treasure,  about  25  miles  above  the  dam.  The  bulk  of  the 
work  was  done  in  the  neighborhood  of  the  old  placers  in  order  to  deter- 
mine the  value  of  the  ground  that  was  formerly  considered  profitable. 
It  was  found  that  the  values  were  very  irregularly  distributed  and  in 
but  few  places  equal  to  the  claims  made  by  those  interested  in  the 
land.  The  prospecting  was  accomplished  by  means  of  test  pits,  pan- 
ning, and  sampling,  the  samples  taken  being  shipped  to  Portland, 
Oreg.,  where  they  were  treated  and  assayed  by  the  Survey  in  connec- 
tion with  the  black-sand  investigation.  The  information  gained  by 
the  field  tests  and  the  assay  of  samples  is  not  such  as  to  place  a  specific 
valuation  on  any  particular  claim;  but  the  results  derived  give  the 
average  values  carried  by  the  ground  over  which  the  pits  were  dis- 
tributed. Comparative  values  for  the  various  samples  were  deter- 
mined in  a  prelhninary  way,  merely  for  comparative  purposes,  on  the 
ground  by  the  count  of  the  gold  colors,  and  thus  ready  knowledge 
was  had  as  to  the  location  and  extent  of  the  mineral-bearing  material. 
It  was  found  that  in  general  the  values  were  concentrated  in  the  bot- 
tom of  the  loam  and  the  upper  portion  of  the  underlying  gravels. 
The  surface  soil  or  sandy  loam  is  common  and  ranges  in  thickness 
from  2  to  12  feet  or  more.  The  gold  was  everywhere  of  the  finest 
flourlike  particles,  a  large  percentage  of  wliich  would  pass  through 
a  150-mesh  screen.  The  rocks  are  in  general  much  smaller  than  a 
man^s  head,  although  in  a  few  places  rocks  large  enough  to  interfere 
with  dredging  or  other  mining  operations  were  encountered. 

After  the  sampling  and  assaying  were  completed  the  remainder  of 
the  ^'undersize''  was  mixed  and  run  over  a  Wilfley  concentrating 
table  to  determine  the  minerals  present  and  to  see  whether  or  not  the 
gold  could  be  saved  by  that  type  of  machine.  The  results  obtained 
were  excellent  on  both  the  loam  and  the  gravel.  A  charge  of  2,172 
pounds  of  loam  assaying  10  cents  per  ton  was  fed  to  the  table,  and  a 
concentrate  weighing  6  pounds  14  ounces  was  obtained,  which  assayed 
$33.28  per  ton.  The  assay  of  the  middlings  (30  pounds)  and  of  the 
tailings  (5  assay  tons  being  used  in  the  large  crucibles)  showed  only  a 
trace  of  gold.  The  gravel  gave  equally  satisfactory  results;  3,850 
pounds  assaying  8  cents  per  ton  yielded  8  pounds  lOJ  ounces  of  con- 
centrates assaying  $34.01  per  ton.  The  middlings  (52^  pounds)  and 
tailings  contained  only  a  trace. 

No  other  minerals  of  any  commercial  importance  were  found.  No 
platinum  or  monazite  was  observed  and  only  a  trace  of  zircon.  The 
richest  sample  contained  only  4  pounds  of  magnetite  per  ton.  These 
results  indicate  that  the  percussion  type  of  machine  can  be  used 
advantageously  in  separating  the  Snake  River,  fine  gold  from  the 
loam  and  gravels,  especially  after  preliminary  concentration  in  ordi- 
nary sluice  boxes  and  shunting  the  concentrates  onto  the  tables  by 
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means  of  undercurrents.  In  the  25-mile  stretch  examined  by  Messrs. 
Gillette  and  Walker  mining  work  was  carried  on  only  at  the  Sample 
placer  claim,  owned  by  W.  H.  Philbrick,  who  employed  one  stream 
in  his  ground-sluicing  operations. 

The  following  table  shows  the  gold  values  in  the  placers  along 
Snake  River  near  the  Minidoka  dam.  The  location  of  the  pits  is 
shown  on  PL  II  (p.  78).  The  figures  given  under  "  Depth '^  indicate 
position  with  reference  to  the  surface  of  the  ground  at  which  the 
samples  were  taken.  ^'Percentage  of  oversize  on  2  mm."  indicates 
the  portion  too  coarse  to  pass  through  a  screen  having  openings  2 
mm.  (approximately  one-twelfth  of  an  inch)  square.  The  ''under- 
sized is  that  which  passes  through  the  screen.  The  value  of  the 
original  gravel  (oversize  plus  undersize)  is  given  by  the  ton  and  by  the 
yard,  a  yard  being  assumed  at  1.3  tons.  Under  "Cumulative  value" 
is  given  the  average  value  of  all  material  that  would  have  to  be  moved 
in  excavating  to  the  depth  indicated. 

Gold  values  of  Snake  River  placers  in  the  vicinity  of  Minidoka  dam,  as  determined  in  the 

black-sand  investigation  at  Portland,  Oreg. 
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Gold  values  of  Snake  River  placers  in  the  vicinity  of  Minidoka  dam,  as  c 

black-sand  investigation  at  Portland^  Oreg. — Continued. 
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Detailed  records  of  each  of  the  sections  at  the  pits  included  in  the 
foregoing  table  are  given  in  the  report  by  David  T.  Day  on  placer 
claims  above  the  !Minidoka  dam  which  is  now  on  file  in  the  office  of  the 
!Reclamation  Service  at  Washington,  D.  C,  and  from  which  the  above 
table  is  compiled. 

The  gravels  along  Snake  River  in  the  vicinity  of  Wapi,  Idaho,  have 
been  worked  by  Dunn  &  Hand,  all  of  their  workings  being  on  old 
high  bars  or  terraces  (part  of  which  are  now  under  water)  along  the 
present  river  channel.  C.  H.  Hand  states  that  the  gold  here  is  a  very 
fine  flake  gold,  and  amalgamates  readily.  The  gold  is  scattered 
through  the  gravel  but  is  usually  best  at  the  top  of  the  beds.  It 
occurs  in  heaviest  particles  in  the  oldest  bars.  The  pay  streaks  run 
from  a  few  inches  to  6  or  7  feet  in  depth,  but  in  some  places  exceed  22 
feet,  at  which  depth  the  gold  has  run  as  high  as  22  cents  per  cubic 
yard.  Where  bed  rock  lies  at  the  shallow  depths,  say  from  6  to  8 
feet  below  the  surface,  the  pay  streak  in  some  places  rests  on  the  bed 
rock.  Occasionally  two  or  more  pay  streaks  are  encountered,  one  on 
bed  rock  and  the  other  higher  in  the  gravels  or  near  the  top.  It  is, 
however,  exceptional  to  find  the  pay  streak  on  bed  rock.  The 
bars  in  this  locality  are  very  extensive,  amoimting  to  hundreds  of 
acres.  Actual  clean-up,  by  sluicing  some  thousand  of  yards,  shows  a 
value  of  a  little  more  than  20  cents  per  cubic  yard  for  some  million  of 
yards.  Gravels  of  much  higher  grade  occur  at  some  places  in  thin 
seams.  For  a  short  distance  these  may  run  as  high  as  several  dollars 
per  cubic  yard.  The  above  averages  are,  however,  for  gravels  worked 
from  12  to  15  feet  in  depth  and  include  both  the  gravels  and  the  sur- 
face soil.  Besides  the  gold,  the  gravels  for  the  above  depths  carry 
about  three-fourths  of  1  per  cent  of  black  sand  and  other  heavy 
minerals. 
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Two  or  three  enterprises  now  on  foot  at  different  points  along  the 
Snake  River  will  test  the  problem  of  saving  the  possible  by-products 
of  the  gravels  in  addition  to  the  gold  content.  One  of  these  is  being 
undertaken  at  a  point  on  the  Oregon  side  of  the  river  a  short  distance 
below  Weiser,  Idaho,  and  another  at  a  point  a  short  distance  above 
American  Falls,  Idaho.  The  results  of  these  efforts  will  be  watched 
with  much  interest,  for,  if  any  margin  of  profit  at  all  can  be  made  in 
which  platinum  becomes  an  important  factor  in  the  output,  it  will  be 
important  to  the  country  at  large,  as  the  business  might  be  greatly 
extended,  since  there  are  billions  of  yards  of  these  low-grade  gold  and 
platinum-bearing  gravels  along  the  banks  of  Snake  River.  The  por- 
tion of  Snake  River  below  the  Grand  Canyon  that  flows  through 
Bingham,  Blaine,  Oneida,  Cassia,  and  Lincoln  counties,  Idaho,  yielded 
in  1905  approximately  1,300  fine  ounces  of  gold,  valued  at  a  Uttle  more 
than  $26,000. 

PLATINUM  IN  THE  SNAKE  RIVER  AURIFEROUS  GRAVELS. 

The  recent  experiments  of  David  T.  Day,  of  the  United  States  Geo- 
logical Survey,  at  Portland,  Oreg.,  on  the  heavy  placer  concentrates  of 
the  Pacific  slope,  to  determine  their  value  in  other  metals  and  min- 
erals besides  gold,  included  a  number  of  samples  of  Snake  River  con- 
centrates, nearly  all  of  which  yielded  from  a  trace  to  an  appreciable 
amoimt  of  platinum,  but  Doctor  Day  doubts  whether  many  of  the 
results  were  obtained  from  representative  samples.  The  subject  is 
hiteresting  and  well  worthy  of  close  and  intelligent  investigation. 
It  may  prove,  however,  that  under  the  present  state  of  the  platinum 
market,  the  platinum  values  are  too  thinly  scattered  along  this  stream 
to  be  of  much  value  unless  they  are  combined  with  the  concentrates 
and  have  largely  passed  unnoticed.  The  actual  contents  of  magnetite 
and  similar  heavy  residues  in  these  gravel  beds,  aa  nearly  as  has  been 
determined,  is  from  one-fourth  to  one-third  of  1  per  cent  of  the  gravel, 
and  when  their  visible  free-gold  content  is  properly  amalgamated  out 
the  residue  will  not  assay  over  $5  in  gold  per  ton. 

During  the  past  year  Robert  N.  Bell,  State  mine  inspector  of  Idaho, 
visited  the  point  on  Snake  River  from  which  the  highest  results  in 
platinum  were  reported  during  the  progress  of  the  Portland  fair.  A 
sample  taken  at  this  point  yielded  platinum  at  the  rate  of  eighteen 
one-hundredths  of  an  ounce  per  ton  and  several  hundred  dollars  in 
gold  per  ton.  Mr.  Bell  learned  that  the  sample  was  selected  from  the 
first  burlap  on  one  of  the  '^machine''  tables,  with  the  fine  gold  left  in, 
and  probably  represented  a  concentration  of  several  thousand  to  one. 
A  subsequent  sample  of  clean  black  concentrates  taken  from  below 
the  grinding  pan,  after  the  free  gold  had  been  amalgamated  out,  was 
sent  to  Doctor  Day  and  gave  a  result  of  $3  gold  per  ton  and  only  a 
trace  of  platinum. 
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"The  gravel  containing  the  gold  and  platinum  is  usuall}'^  well  worn 
and  small,  affording  ideal  conditions  for  dredging  and  with  a  large 
enough  plant  and  intelligent  handling  may  be  made  to  pay.  The 
possible  margin  of  profit,  however,  working  for  the  gold  content  alone, 
would  be  small  and  unattractive,  imless  associated  values  of  gold  or 
platinum  not  apparent  to  ordinary  methods  of  saving  can  be  recovered. 
That  platinum  in  metallic  form  is  associated  with  the  gold  in  tl;iese 
gravel  beds  can  not  be  questioned,  for  while  it  can  rarely  be  seen  in 
panning  it  invariably  shows  in  cleaning  amalgam.  In  the  operation 
of  the  Sweetzer-Burroughs  dredge  near  Minidoka,  it  was  always  ob- 
served at  clean-up  time,  appearing  as  ashy  gray  metallic  particles 
floating  on  the ''  quick ''  when  the  hard  amalgam  was  thinned  down  with 
more  "quick''  for  the  purpose  of  separating  foreign  matter  from  the 
gold.  A  quarter  of  an  ounce  of  clean  platinum  recovered  in  this 
maimer  is  now  in  the  possession  of  Lewis  Sweetzer,  of  Rupert,  Idaho. 
It  is  perfectly  clean  gray  metal  in  scaly  particles  and  about  as  fine  as 
the  fine  gold. 

SOURCE  OF  GOLD. 

The  source  of  the  Snake  River  fine  flour  or  flake  gold  is  unknown. 
The  fineness  of  the  individual  particles  and  the  abrasion  marks  seen 
on  some  of  the  pieces  suggest  that  they  have  been  carried  for  some 
distance.  From  the  evidence  gathered  within  the  area  studied  this 
season  it  seems  likely  that  the  gold  was  carried  from  regions  lying 
farther  north,  and  northeast.  It  was  probably  derived  from  the  older  ^ 
rocks  of  the  Teton  and  Gros  Ventre  ranges  or  from  the  region  of  the 
later  intrusives  of  the  upper  Snake  Valley.  The  old  bars  and  benches 
containing  the  gold  were  built  up  in  much  the  same  manner  as  those 
now  forming  in  the  river,  and  some  of  the  ^old  particles  have  been 
worked  over  and  over  again  by  the  river  until  they  are  finally  mined 
in  their  present  places. 

The  thickness  and  value  of  the  pay  streaks  is  no  doubt  dependent 
on  the  local  conditions  under  which  they  were  deposited.  The 
gradient  of  the  stream  as  well  as  the  volume  of  the  water,  its  turbid- 
ity, and  the  time  during  which  it  flowed  in  the  same  channel  would 
affect  the  distribution,  thickness,  and  richness  of  the  pay  streaks. 
Unlike  other  gold  placers  those  of  Snake  River  do  not  increase  in  gold 
values  as  bed  rock  is  approached,  for  the  gold  is  usually  more  plentiful 
in  the  gravel  banks  between  present  and  former  high  and  low  water- 
marks than  at  the  deeper  horizons.  By  the  completion  of  the  Milner 
and  Minidoka  dams  the  flow  of  the  stream  has  been  absolutely  stopped 
for  several  days  at  two  points  along  its  course  within  the  past  two 
years,  and  its  bed  rock  has  thus  been  laid  bare  for  miles  during  periods 
in  which  its  potholes  and  crevices  were  searched  in  vain  for  paying 
gold  values. 
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COPPER  DEPOSITS  OF  THE  HARTVILLE  UPLIFT, 

WYOMING. 


By  Sydney  H.  Ball. 


INTRODUCTION. 

While  investigating  the  iron  ores  and  pre -Cambrian  geology  of 
the  Hartville  iron  range,  Wyoming,  in  the  field  season  of  1906, 
the  writer  visited  the  copper  mines  and  prospects  of  this  region  with 
the  exception  of  those  in  Muskrat  Canyon.  The  following  notes 
are  the  result  of  this  work.  Grateful  acknowledgments  are  due  to  the 
mining  men  of  the  district,  particularly  to  Messrs.  Louis  B.  Weed,  of 
Sunrise;  C.  A.  Guernsey  and  W.  T.  Kelley,  of  Guernsey;  Peter  Hoyer, 
of  Hartville;  William  Lauck  and  Joseph  L.  Stein,  of  Frederick;  and 
Edwin  Hall  and  Henry  Metz,  of  Lusk. 

The  scant  literature  concerning  these  copper  deposits  is  included 
in  the  following  bibliography: 

Mineral  Resources  U.  S.,  1882,  U.  S.  Geol.  Survey,  1883,  pp.  229,  758-759. 

idem  for  1883-84,  p.  342. 

Idem  for  1887,  p.  76. 

Idem  for  1888,  p.  59. 

RiCKETTS,  Louis  D.,  Ann.  Rept.  Territorial  Geologist  to  Governor  of  Wyoming, 
January,  1888. 

Idem  for  1890,  pp.  52-55,  77-78. 

Knight,  Wilbur  C,  Bull.  Wyoming  Exper.  Sta.  (Laramie,  Wyo.)  No.  14,  Univ.  Wyo- 
ming, October,  1893,  pp.  135,  210.     • 

Smith,  W.  S.  Tangier,  Hartville  folio:  Geologic  Atlas  U.  S.,  folio  91,  U.  S.  Geol. 
Survey,  1903. 

The  geography  and  the  geology  of  the  Hartville  uplift  are  treated 

briefly  in  the   article  in  this   bulletin  on  the  Hartville   iron  range 

(pp.  190-205).     The  geologic  column  consists  of  the  following  pre- 

Cambrian formations:  A  schist-limestone  series,  a  quartzose  and  jasper 

series,  diorites  and  gabbros  and  schists  derived  from  them,  granite, 

and  diabase.     Flat-lying  Carboniferous  rocks  overlie  the  pre-Gam- 

brian  rocks.     Of  the  two  Carboniferous  formations  the  Guernsey  is 

the  older  and  the  Hartville  lies  upon  it. 
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HISTORY  AND  PRODUCTION. 

In  1878  John  Fields,  keeper  of  a  stage  station  14  miles  north  of 
Fort  I^aramie  on  the  Black  Hills  and  Cheyenne  stage  line,  found 
copper  ore  piled  beside  a  tunnel  IJ  miles  north  of  Frederick.  Old 
trails,  well  worn,  led  up  to  the  tunnel,  and  this  may  have  been  the 
work  either  of  French  trappers  or  of  prehistoric  races  in  search  of 
the  brilliantly  colored  chrysocolla.  In  1879  the  blanket  vein  of  the 
Silver  Cliff  mine  was  discovered  by  John  Madden,  and  two  years 
later  the  Green  Mountain  Boy  and  the  Sunrise  deposits  were  dis- 
covered by  Henry  T.  Miller,  of  Hartville.  Tliese  mines  and  some  of 
those  of  Muskrat  Canyon  were  more  or  less  actively  exploited  in 
1881  and  1882,  75  miners  having  been  employed  at  one  time  in  the 
Sunrise  mine.  The  more  or  less  complete  exhaustion  of  the  copper 
deposits  and  the  drop  in  copper  prices,  together  with  the  great 
expense  entailed  in  hauling  ore  and  machinery  to  and  from  Chey- 
enne— distant  120  miles  from  the  nearest  mines — all  contributed  to 
their  shut  down.  In  1888  the  Sunrise  mine  was  reworked  for  a  few 
months.  Later  developments  include  the  finding  by  Henry  Metz  of 
the  Green  Hope  deposit  in  1901,  and  the  formation  by  Edwin  Hall  of 
the  Copper  Belt  Mines  Company  at  Rawhide  Butte  in  1906. 

The  production  as  given  by  Knight  °  is  as  follows: 

Production  of  copper  mines  near  JJartville,  Wyo. 

Sunrise  mine $209,  282 

Michigan  mine  (Muskrat  Canyon) , 40,  000 

Green  Mountain  Boy 30,  000 


% 


279,  282 


The  estimate  here  given  for  the  Green  Mountain  Bov  is  certainlv 
$25,000,  and  probably  $30,000,  too  low,  which,  together  with  the 
product  of  a  number  of  smaller  mines  and  prospects,  would  raise  the 
total  to  $350,000. 

ORE  DEPOSITS. 
GENERAL   DESCRIPTION. 

Geographically,  copper  is  widely  distributed  in  the  Hartville  uplift, 
and  there  is  scarcely  a  square  mile  underlain  by  pre-Cambrian  and 
Guernsey  formations  which  does  not  contain  copper  showings.  (See 
fig.  5,  p.  192,  for  location  of  principal  mines.)  No  very  large  mine 
has  ever  been  discovered  within  the  confines  of  the  uplift,  but  copper 
is  so  widely  distributed  that  the  possibility  of  finding  a  mine  or 
mines  of  some  size  is  by  no  means  unlikely. 

o  BuU.  Wyoming  Exper.  Sta.  No.  14, 1893,  p.  135. 
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The  copper  deposits  of  the  Hartville  upHft  are  in  the  form  of  (1) 
fissure  veins,  (2)  lenticular  or  globular  masses  of  ore  outcropping  at 
the  surface  and  pinching  out  at  slight  depths,  and  (3)  blanket  or 
bedded  deposits  at  the  base  of  the  Guernsey  formation.  It  is  admit- 
ted that  development  on  the  supposed  fissure  veins  has  not  advanced 
sufficiently  to  determine  their  character  beyond  all  doubt. 

Malachite,  chrysocolla,  and  chalcocite  are  much  the  most  impor- 
tant ores.  Of  less  common  occurrence  are  tennantite  (?),  native  cop- 
per, azurite,  bomite,  covellite,  cuprite,®  and  chalcopyrite.  Closely 
associated  with  the  normal  green  chrysocolla,  and  evidently  contem- 
poraneous with  it,  is  a  soft  dark-brown  substance.  W.  T.  Schaller 
found  this  to  contain  iron,  copper,  silica,  and  water,  and  it  is  proba- 
bly chrysocolla  with  considerable  iron  as  an  impurity.  A  yellowish- 
green  mineral  fills  fractures  at  several  prospects.  This  is,  according 
to  W.  F.  Hillebrand,  a  copper  arsenate.  Chalcocite  in  particular  as 
a  rule^carries  some  silver,  and  native  silver  occurs  at  the  »Silver  Cliff 
mine.  Gold  values  are  reported  from  iron-stained  schist  closely 
associated  with  the  copper  ores  in  several  places.  The  gaiigue  min- 
erals, in  the  main  of  later  origin,  include  quartz,  calcite,  chalcedony, 
selenite,  and  barite. 

Copper  ores  occur  in  tne  pre-Cambrian  rocks  and  in  the  Guernsey 
formation.  No  ore  body  has  yet  been  found  in  the  Hartville  forma- 
tion or  in  the  rocks  overlying  it.  A  possible  exception  is  the  pres- 
ence of  slight  malachite  stains  on  blocks  of  Hartville  sandstone  in 
the  talus  overlying  a  copper  deposit  in  Guernsey  limestone  in  the 
center  of  the  NE.  i  sec.  36,  T.  27  N.,  R.  66  W.  This  malachite 
stain  is,  however,  superficial  and  was  probably  deposited  after  the 
block  became  a  part  of  the  talus.  In  consequence,  in  prospecting 
for  copper,  work  should  be  confined  to  the  area  delineated  on  the 
geologic  map  in  the  Hartville  folio*  as  being  underlain  by  either 
pre-Cambrian  or  Guernsey  formations. 

The  more  important  copper  deposits  were  probably  deposited  by 
descending  waters  and  have  no  apparent  connection  with  igneous  rocks 
nor,  except  in  one  place,  with  fault  planes.  The  Guernsey  formation, 
or  some  other  which  originally  overlay  it  and  which  prior  to  the  depo- 
sition of  the  Hartville  formation  was  removed  by  erosion,  was  probably 
the  original  source  of  the  ore  of  the  larger  deposits.  The  copper  was 
probably  included  as  a  chemical  or  mechanical  impurity  in  the  Guern- 
sey formation.  Such  a  view  necessitates  the  former  existence  of  pre- 
Carboniferous  copper  deposits  in  the  area  from  which  the  Guernsey 
formation  was  derived.  Possible  examples  of  such  deposits  are 
described  as  fissure  veins  in  the  following  section. 

a  Mineral  Reaources  U.  S.,  1882,  U.  S.  Geol.  Survey,  1883,  p.  758. 
6  Geologic  Atlas  U.  S.,  folio  91,  U.  S.  Geol.  Survey,  1903. 
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FISSURE    VEINS    IN   PRE-CAMBRIAN   FORMATIONS. 

The  Copper  Bottom  prospect,  owned  b}^  Henry  Metz  and  situated 
in  the  south-central  part  of  the  SE.  J  sec.  23,  T.  29  N.,  R.  65  W.,  is 
located  probably  on  a  fissure  vein.  At  the  time  of  the  writer's  visit 
the  shaft  was  15  feet  deep.  The  country  rock  is  a  slightly  silicified 
dense  yellowish  limestone  of  pre-Cambrian  age,  which  is  cut  by  thin 
seams  of  hematite.  The  vertical  vein,  which  strikes  N.  20°  W.,  cuts 
across  the  steeply  dipping  limestone.  There  is  a  fault  of  small 
throw  on  the  east  side  of  the  vein,  and  fragments  of  limestone  are 
included  in  the  vein  matter.  On  the  east  side  of  the  shaft  the  vein  is 
4  inches  wide  at  the  surface  and  22  inches  at  the  bottom  of  the  shaft; 
on  the  west  side  the  vein  comes  in  3  feet  from  the  bottom  and  there 
only  as  a  thin  stringer.  The  limestone  for  a  distance  of  1  foot  on 
either  side  of  the  vein  is  heavily  iron  stained.  An  assay  of  an  average 
sample  collected  by  the  writer  across  the  vein  on  the  east  side  of  the 
shaft,  15  feet  from  the  bottom,  contained  a  trace  of  gold,  2  ounces 
per  ton  of  silver,  and  24.64  per  cent  of  copper.  The  predominant  ore 
is  the  brownish  form  of  chrysocoUa,  blotched  with  irregular  masses  of 
green  chrysocolla  in  the  center  of  which  is  some  malachite  and  rarely 
a  little  azurite.  Tennantite  ^  occurs  in  irregular  masses  up  to  1  foot 
in  length.  Although  chrysocolla  is  on  the  whole  slightly  older  than 
malachite  and  the  latter  older  than  azurite,  these  ores  with  tennantite 
are  approximately  of  the  same  age.  Incrusting  tiny  cavities  in  this 
ore  is  some  quartz,  which  in  turn  is  coated  with  younger  calcite. 
Clearly  later  than  these  ores  and  gangues  and  occurring  in  cracks  in 
them  are  knife-edges  of  malachite,  azurite,  and  a  black  sooty  copper 
oxide  or  sulphide.  The  thickening  with  depth,  together  with  its 
position  along  a  fault,  lead  to  the  belief  that  this  deposit  is  the 
oxidized  portion  of  a  fissure  vein.  The  apparent  thickening  with 
depth  may,  however,  be  local. 

The  Charter  Oak  prospects,  owned  by  Lauck  &  Stein,  are  situated 
on  the  south  side  of  McCanns  Pass,  near  the  center  of  the  SE.  J  sec.  26, 
T.  27  N.,  R.  65  W.  The  deposits  lie  beneath  apparent  gossans  of 
limonite  and  hematite,  in  pre-Cambrian  muscovite  schist  and  gray 
quartzose  beds.  Malachite,  chrysocolla,  and  chalcocite  occur  in 
fractures,  in  one  place  within  a  cupriferous  belt  4  feet  wide  and  in 
another  place  along  a  vein  4  feet  wide  cutting  across  the  vertical 
schist.  The  schist  near  the  copper  is  said  to  assay  from  80  cents  to 
$27  in  gold  and  2  to  5  ounces  of  silver.  The  amount  of  development 
at  this  point  is  small,  but  these  deposits  have  the  appearance  of  being 
the  oxidized  zone  of  a  copper  vein. 

«  W.  T.  Schaller  statos  concerning  specin»ons  submitted  to  him:  "  Both  samples  contain  the  con- 
stituents of,  and  probably  are,  tennantite." 
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At  several  places  near  Haystack  Peak,  copper  lAinerals  fill  tiny 
fractures  or  incrust  cavities  in  pegmatite  or  pegmatitic  quartz  dikes. 
Chalcopjjrite  and  chalcocite  are  original  and  malachite  and  covellite 
are  their  alteration  products.  Sulphides  are  rather  abundantly  present 
in  the  center  of  the  NE.  }  sec.  26,  T.  27  N.,  R.  65  W.,  as  cement  to 
a  breccia  of  schist.  A  sample  collected  at  one  of  these  prospect 
shafts,  on  the  dump,  which  at  the  time  of  examination  was  boarded 
over,  gave  a  trace  of  silver,  but  no  gold,  copper,  or  nickel. 

LENSES    OF    COPPER   ORE    DEPOSITED   BY   DESCENDING   WATERS. 

The  most  common  copper  deposits  in  the  Hartville  uplift  are  len- 
ticular or  wedge-shaped  masses  of  carbonates,  silicates,  and  oxides 
and  secondary  sulphides  which  narrow  with  depth  and  finally  disap- 
pear. These  deposits,  which  occur  in  the  Guernsey  and  several  of 
the  pre-Cambrian  formations,  are  believed  to  have  been  laid  down  by 
descending  waters,  the  ore  presumably  having  been  leached  from  the 
Guernsey  or  from  some  formation  that  was  once  superimposed  upon  it, 
but  was  removed  by  erosion  prior  to  the  deposition  of  the  Hartville 
formation. 

Lenses  in  the  Guernsey  formation. — Copper  deposits  in  the  Guernsey 
formation  are  practically  confined  to  the  immediate  vicinity  of 
Guernsey,  the  only  deposit  of  consequence  being  that  of  the  Green 
Mountain  Boy. 

The  Green  Mountain  Boy  mine  is  situated  approximately  half  a 
mile  east  of  the  town  of  Guernsey,  at  the  head  of  a  broad  valley. 
The  production  has  been  variously  estimated  at  300  to  500  tons, 
valued  at  $36,000  to  $60,000.  The  ore  is  said  to  have  averaged  37 
per  cent  copper,  with  from  one-third  to  one-half  ounce  of  silver  to 
each  per  cent  or  unit  of  copper,  the  total  values  averaging  at  the  time 
of  shipment  $155  per  ton.  The  silver,  which  was  closely  associated 
with  chalcocite,  was  patchy  in  distribution,  some  assays  of  high  value 
having  been  obtained. 

The  country  rock  is  the  upper  part  of  the  light-gray  or  white  hori- 
zontal Guernsey  limestone  which  at  the  horizon  of  the  main  workings 
contains  many  lenticular  masses  of  brown  flint.  The  flint  nodules  are 
from  2  inches  to  4  feet  long,  and  from  one-half  inch  to  6  inches  wide. 
Calcite-lined  cavities  2  to  3  feet  long  occur  in  the  limestone.  The 
original  lens  was  of  chalcocite  and  is  stated  to  have  been  60  feet  long, 
30  feet  wide,  and  from  5  to  9  feet  thick.  The  long  diameter  of  this 
podlike  mass  lay  east  and  west  across  the  valley.  At  the  surface  con- 
siderable malachite  was  associated  with  the  chalcocite,  but  as  the 
lens  was  followed  into  the  hill  malachite  decreased  in  amount. 
The  open  cut  and  the  three  tunnels  from  it  now  open  to  inspection 
show  but  little  ore,  and  the  tunnels  are  barren  30  feet  southwest  of 
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their  entries.  Twenty  feet  immediately  beneath  the  ore  lens  a  tunnel 
was  driven  50  feet,  and  this,  with  the  exception  of  a  few  small 
stringers  of  ore,  is  also  barren. 

The  copper  ores  now  seen  here  occur  in  tlu'ee  ways — as  replacements 
of  flint  nodules,  in  veinlets,  and  as  patchy  malachite  stains  in  the 
limestone.  Chrysocolla,  less  commonly  malachite,  and  still  more 
rarely  chalcocite  replace  the  flint  nodules.  The  three  ores  are  con- 
temporaneous. In  a  number  of  places  the  exterior  of  the  flint  is 
unaltered,  the  replacement  having  begun  at  the  center.  As  seen  under 
the  microscope  the  copper  minerals  invade  the  chalcedonic  quartz  as 
irregular  ramifying  bodies  with  rounded  ends,  resembling  the  fronds 
of  a  maidenhair  fern.  The  predominance  of  the  replacement  of  flint 
by  chrysocolla  (a  copper  silicate)  is  probably  due  to  the  reaction  of  the 
siliceous  flint  on  the  copper-bearing  solutions,  as  is  the  predominance 
of  chrysocolla  over  malachite  in  copper  lenses  in  pre-Cambrian  schist. 
Since  replacement  the  flint  nodules  have  been  cracked,  and  along 
these  fractures  are  films  of  malachite.  Fractures  filled  with  veinlets 
of  malachite  and  chrysocolla  are  common  on  the  sides  of  the  oi>en  cut 
and  near  the  mouths  of  the  tunnels.  These  stringers  were  evidently 
leached  by  descending  waters  from  the  main  ore  body  or  from  the 
replaced  flint  nodules. 

The  ore  body  of  the  Green  Mountain  Boy  was  distinctly  lunited 
below,  and  scarcely  a  copper  stain  is  visible  20  feet  beneath  the  bottom 
of  the  canoe-shaped  mass  of  chalcocite.  The  copper  ores  were  evi- 
dently deposited  by  descending  water,  the  mass  leached  probably  hav- 
ing been  the  upper  portion  of  the  Guernsey  formation.  The  ore  body 
was  largely  a  replacement  deposit,  in  part  of  limestone  and  in  part  of 
flint.  Since  the  original  deposition  the  ore  body  has  been  fractured 
and  surface  waters  have  filled  the  fractures  with  malachite  and  chryso- 
colla. 

Lenses  in  fre- Cambrian  limestone, — The  most  widely  distributed 
form  of  copper  deposit  in  the  Hartville  uplift  occurs  in  pre-Cambrian 
limestone,  as  a  rule  within  less  than  50  feet  of  the  base  of  the  overlying 
Guernsey  formation.  The  deposits,  in  places  at  least,  give  out 
within  20  feet  of  the  surface. 

The  ore  occurs  in  veinlets  along  bedding  planes,  many  of  which  are 
planes  of  differential  movement,  accompanied  by  brecciation;  in 
veinlets  along  joint  faces;  and  as  replacements  of  limestone.  Mala- 
chite predominates  over  green  chrysocolla ;  and  azurite,  brown  chryso- 
colla, chalcocite,  and  yellowish-green  arsenate  also  occur  locally.  Mr. 
Peter  Hoyer,  of  Hartville,  reports  that  a  canoe  of  chalcocite  12  to  14 
feet  long,  IJ  feet  wide,  and  1  to  2  feet  thick  was  encountered  at  the 
surface  at  the  Empire  mine,  half  a  mile  southwest  of  Sunrise.  Quartz 
and  calcite  are  the  chief  gangue  minerals,  and  the  gangue  material  is  in 
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many  places  either  an  iron-stained  limestone  or  hematite.  The  vein- 
lets  of  ore  do  not  extend  beyond  these  iron-rich  substances  in  so  many 
places  that  the  natural  inference  is  that  the  iron  acted  as  the  precipi- 
tant. Under  the  microscope  a  thin  section  of  this  ore  shows  that  the 
copper  ores  occur  as  veinlets  cutting  the  hematite  and  limestone  and 
rim  the  hematite  as  if  it  had  acted  as  the  precipitant.  Limonite  is 
contemporaneous  with  the  copper  minerals.  Since  the  hematite  is 
locally  the  iron-rich  base  of  the  Guernsey  formation  recrystallized, 
extending  down  into  joints  in  the  limestone  enlarged  by  solujbion,  it  is 
possible  that  the  ore  is  all  of  post-Carboniferous  age.  The  lenses  of 
copper  ore  in  pre-Cambrian  limestone  are  certainly  in  some  places  and 
probably  everywhere  post-Carboniferous  in  age,  and  were  formed  by 
descending  waters,  the  probable  source  of  the  copper  having  been  the 
Guernsey  formation. 

Lenses  in  schist  and  other  pre-Cambrian  formations. — Similar  lenses 
of  ore  with  definite  downward  limitations  occur  in  pre-Cambrian 
schist,  quartzose,  and  jaspery  rocks  and  in  the  chloritic  schist  derived 
through  mashing  from  basic  igneous  rocks.  In  schist  the  ores,  chryso- 
coUa,  and  malachite,  and  in  some  places  chalcocite  and  azurite,  occur 
as  thin  sheets  in  the  planes  of  schistosity  and  in  small  cross  fractures. 
Microscopic  examination  also  shows,  in  addition  to  innumerable  tiny 
fractures  filled  with  malachite,  some  replacement  of  quartz  by  mala- 
chite. At  some  places  these  deposits  decrease  in  width  with  depth 
and  at  others  they  extend  downward  from  blanket  deposits  of  the 
Guernsey  sandstone.  The  majority  of  them,  at  least,  are  thought  to 
have  been  formed  by  descending  waters,  and  the  source  of  many 
was  probably  the  Guernsey  formation.  Since  the  gray  quartzose 
rocks  and  the  jasper  are  very  brittle,  the  ramifications  of  the  copper 
veinlets  through  them  are  most  complex.  ' 

Lenses  in  iron  ore  and  heavily  iron-stained  jasper. — The  most  impor- 
tant example  of  the  lenses  in  iron  ore  and  jasper  is  the  Sunrise  mine, 
now  the  most  productive  iron  mine  west  of  the  Mississippi,  but  in  the 
eighties  an  important  copper  mine.  It  is  situated  on  the  southward- 
facing  slope  of  a  steep  hill  in  the  north-central  portion  of  sec.  7,  T.  27 
N.,  R,  65  W.  Its  total  copper  output  is  given  by  Knight  as  1,395,287 
pounds,  valued  at  $209,282.  The  copper  content  ranged  from  6  to  20 
percent,  with  an  average  yield  of  15  per  cent.  Knight  states  further 
that  the  ore  carried  from  2  to  3  ounces  of  silver  per  ton.  The  slag  from 
the  Fairbank  furnace,  where  the  ore  was  smelted,  is  now  being  shipped 
to  smelters  by  C.  A.  Guernsey,  of  Guernsey,  who  states  that  it  averages 
5  or  6  per  cent  of  copper.  Malachite,  leached  from  the  slag  since  the 
shut-down  of  the  furnace,  occurs  upon  the  surface  and  in  the  cavities 
of  the  slag  fragments. 

The  country  rock  of  the  copper  ore  at  Sunrise  is  schist,  iron  ore 
(hematite),  and  an  impure  flint  which  is  stained  by  either  limonite 
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or  hematite  and  which  is  evidently  a  relatively  shallow  alteration 
product  of  the  schist,  formed  in  pre-Carboniferous  time. 

The  copper  workings  of  the  Sunrise  mine  have  largely  been  cut 
away  or  rendered  inaccessible  by  the  Sunrise  open  cut,  and  at  present 
but  small  portions  of  the  ore  body  are  open  to  investigation.  Con- 
cerning the  form  of  the  deposit,  Ricketts  states °  that  it  lies  in  len- 
ticular bodies  which  expand  and  contract  irregularly,  in  gashes,  and 
in  pear-shaped  bodies,  one  of  which  was  over  30  feet  in  height  and  20 
feet  in  diameter.  These  were  irregularly  distributed  through  the 
country  rock.  He  also  writes:  ^'A  stringer  of  ore  was  followed  farther 
up  the  hill  and  led  up  vertically  through  the  hematite  to  the  overlying 
[Guernsey]  limestone  cap,  where  the  hematite  ceased.  The  copper, 
however,  could  be  followed  up  as  a  stringer  along  jointing  planes  of 
the  limestone  and  led  to  several  small  bodies  of  ore  spread  out  parallel 
to  bedding  planes.  A  very  interesting  specimen  from  this  horizon 
was  a  piece  of  copper  ore  with  numerous  pieces  of  Carboniferous  fos- 
sils impressed  on  one  side  of  it."  '^  As  seen  in  cross  section  on  the  side 
of  the  Sunrise  open  cut,  the  copper  ores  stop  60  feet  below  the  former 
surface  and  no  trace  of  copper  is  seen  in  any  of  the  workings  on  the 
first,  second,  or  third  levels  of  the  iron  mine,  although  these  com- 
pletely undermine  the  ground  beneath  the  deposit. 

Within  these  lenticular  or  pear-shaped  bodies  the  copper  ores  occur 
as  ramifying  veinlets  and  masses  occupying  joint  and  irregular  frac- 
tures and  cavities  in  the  country  rock.  The  copper  ore  is  especially 
abundant  in  the  more  heavily  iron-stained  portions  of  the  flint  and  in 
hematite.  The  ores,  named  in  the  order  of  their  importance,  are 
chrysocolla,  malachite,  chalcocite,  azurite,  and  native  copper.  Rick- 
etts states  that  copper  oxides  were  present  in  considerable  amounts. 
Malachite  is  finely  granular*,  although  in  cavities  it  forms  tufted  aggre- 
gates of  acicular  crystals  or  mammillary  masses  of  radiate  structure. 
The  glassy  green  or  brown  chrysocolla  in  cavities  is  botryoidal.  Chal- 
cocite, chrysocolla,  and  malachite  are  practically  contemporaneous, 
the  last  two  in  particular  replacing  each  other  along  the  length  of  the 
veinlets.  Azurite,  which  is  especially  characteristic  of  the  immediate 
surface,  is  on  the  whole  somewhat  younger  than  the  others,  although 
in  places  contemporaneous  with  them. 

Quartz  and  calcite  and  more  rarely  chalcedony,  selenite,  and  barite 
occur  as  gangues.  In  general  quartz  is  younger  than  the  copper  min- 
erals, and  either  incrusts  them  in  vugs  or  cuts  them  in  veinlets.  The 
quartz,  though  as  a  rule  white,  is  in  places  stained  green  by  cop- 
per salts.  Many  crystals  of  white  or  lemon-yellow  calcite  coat  the 
quartz  and  are  hence  younger.  The  colorless  gypsum  called  selenite 
is  also  younger  than  the  ores,  although  in  a  few  places  it  incloses  fibers 

(I  Ann.  Kept.  Territorial  Geologist  to  Governor  of  Wyoming,  1SS8,  p.  f)6. 
b  Idem,  p.  (»<). 
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of  malachite.  George  Botsford/  of  Sunrise,'.  rei>prts  that  he  has 
observed  barite  crystals  covering  the  copper  ores*.'  During  the  depo- 
sition of  these  ores  there  was  probably  some  slight-  recrystalHzation 
of  hematite,  since  between  fractures  containing  cop^.r  minerals  the 
hematite  is  softer  and  of  slightly  coarser  grain  than  that  farther  from 
the  copper.  '   r  ^ 

Two  thin  sections  of  copper  ore  in  hematite  were  examii>ed  under 
the  microscope.  In  each,  malachite  and  chrysocolla  fill  fractures  most 
intricately  cutting  the  hematite,  and  in  each  the  copper  minerals  partly 
replace  hematite. 

Field  evidence  in  the  Hartville  uplift  appears  to  show  that  hema- 
tite has  been  an  important  precipitant  of  copper.  In  addition  to  the 
phenomena  at  the  Sunrise  mine,  the  copper  is  intimately  associated 
with  an  older,  heavily  hematized  gangue  in  the  pre-Cambrian  lime- 
stones, and  the  bedded  deposits  at  the  base  of  the  Guernsey  formation 
are  confined  largely  to  heavily  hematized  portions  of  the  sandstone. 

The  association  of  copper  ores  and  hematite  is  not  extraordinary, 
but  deposits  in  which  hematite  is  the  country  rock  and  is  older  than 
the  copper  ore  are  unusual.  At  the  Soudan®  and  Chandler  ^  mines,  on 
the  Vermilion  Range  in  Minnesota,  native  copper  and  various  car- 
bonates and  oxides  secondary  to  it  occur  in  fracture  zones  in  iron 
ore.  Hobbs  refers  the  precipitation  of  the  copper  to  the  oxidation  of 
fciTous  iron  compounds.  Haworth^  reports  films  of  native  copper 
in  fractures  in  ^'  Red  Beds  "  at  Enid,  Okla,,  which  are  rich  in  hematite. 
He  believes  that  the  soluble  salts  of  copper  were  reduced  to  oxides  by 
the  hematite  and  that  the  ferrous  sulphate  which  formed,  in  the  pres- 
ence of  free  sulphuric  acid,  reduced  the  copper  oxides  to  the  native 
state.  At  the  Sunrise  mine  ferrous  salts  might  have  been  formed 
from  hematite  itself  and  by  their  oxidation  precipitated  the  copper 
minerals. 

In  the  Sunrise  mine  lenticular  or  pear-shaped  masses  of  copper  ore 
were  deposited  not  only  after  the  iron  ores  had  been  formed,  but  also 
after  they  had  been  fractured,  the  copper  deposition  having  occurred 
in  post-Guernsey  time.  The  distinct  termination  of  the  ore  with 
depth  may  indicate  that  it  was  deposited  by  descending  waters,  and 
since  copper  ore  extends  upward  into  the  Guernsey  formation  that 
formation  was  presumably  the  original  source. 

The  old  Village  Belle  copper  mine,  now  a  part  of  the  Sunrise  mine, 
appears  to  have  been  of  similar  character,  although  native  copper  is 
said  to  have  been  rather  common. 


oEby,  J.  H.,  and  Berkey,  C.  P.,  Proc.  Lake  Superior  Min.  Inst.,  vol.  4,  1896,  pp.  09-79.  Winchell, 
N.  H.,  Minnesota  Geol.  and  Nat.  Hist.  Survey,  vol.  5,  1900,  p.  885.  Clements,  J.  M.,  Mon.  U.  S.  Geo!. 
Survey,  vol.  45,  1903,  pp.  113,  189.    Hobbs,  W.  H.,  Am.  Geologist,  vol. .%,  1905,  p.  185, 

6 Clements,  J.  M.,  Mon.  U.  S.  Geol.  Survey,  vol.  45,  1903,  p.  184. 

cHaworth,  E.,  Bull.  Geol.  Soc.  America,  vol.  12, 1900,  pp.  2-4, 
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BLANKET   DEPOSITS    AT   THE    BASE    OF   THE    GUERNSEY    FORMATION. 

Characteristifs'^— Copper  ores  are  segregated  in  the  sandstone  at  the 
base  of  the  GH^nsey  formation  at  a  number  of  places  in  the  Hartville 
uphft.  Mafachite  and  chrysocolla  and  less  constantly  azurit^  and 
chalcocite-artp  the  more  common  ores,  although  native  copper,  silver, 
and  copper  .arsenate  also  occur.  Shipments  of  picked  ore  have  aver- 
aged oyeF.  17  per  cent  of  copper,  and  either  gold  or  silver  values  are 
present  in  much  of  the  ore.  These  ores  occur  as  lenticular  or  tabular 
massed  in  the  sandstone,  where  the  copper  minerals  may  form  the 
oer^itoting  material  of  the  sandstone.  They  also  fill  joint  cracks  and 
:'ir/egular  fractures  or  form  nodules.  The  ore  bodies  are  in  most 
..,, places  unconnected  with  fissures  and  nowhere  with  igneous  rocks. 
.%^  '\  No  igneous  rocks  other  than  those  of  pre-Cambrian  age  are  known  in 
y\  the  Hartville  uplift.  The  greatest  dimension  of  these  tabular  ore 
bodies  is  horizontal,  and  they  do  not  extend  into  the  overlying  lime- 
stone member  of  the  Guernsey  formation.  In  many  places  stringers 
of  ore  descend  into  the  pre-Cambrian  schist  or  limestone,  which  under- 
lies the  Guernsey  formation  unconformably,  and  at  least  in  most  of 
such  stringers  this  ore  has  been  leached  from  the  blanket  deposits. 
The  bedded  ore  body  is  in  general  but  2  or  3  feet  thick,  although 
where  it  lies  upon  pre-Cambrian  limestone  the  ore  in  the  ramifying 
sandstone  masses  extending  into  the  irregularities  of  the  pre-Cam- 
brian limestone  is  locally  20  feet  thick.  At  the  bottom  of  such 
pockets  and  small  sink  holes  the  ore  has  been  concentrated  against  the 
limestone,  forming  local  enrichments.  As  a  rule  the  lateral  extent  of 
these  deposits  is  small,  although  some  of  them  are  considerably  over 
100  feet  in  diameter. 

In  prospecting  these  deposits  the  lower  limit  of  the  flat-lying 
Guernsey  formation  immediately  above  the  tilted  pre-Cambrian  lime- 
stones and  schists  should  be  followed.  The  geographic  position  of 
this  line  is  shown  on  the  geologic  map  of  the  Hartville  qua4rangle  "  by 
W.  S.  Tangier  Smith  and  N.  H.  Darton.  Iron-stained  masses  of  the 
sandstone  especially  should  be  examined,  since  such  portions  are 
more  favorable  for  copper  ores.  While  no  deposit  of  this  class  has  yet 
proved  to  be  of  great  size,  the  ore  is  cheaply  mined  by  tunneling,  and 
some  of  it  can  be  worked  at  a  profit. 

As  type  examples  of  this  form  of  deposit  the  Green  Hope  and  Silver 
Cliff  mines  are  described. 

Green  Iloj^e  mine. — The  Green  Hope  mine  is  situated  on  the  upper 
slope  of  a  valley  in  the  NW.  }  sec.  26,  T.  29  N.,  R.  65  W.  Its  product 
is  variously  estimated  at  400  to  525  tons,  carrying  from  15  to  27  per 
cent  and  averaging  17  per  cent  of  copper.  The  deposit  has  been 
exploited  by  two  tunnels,  from  which  three  sinuous  galleries  extend. 

a  Geologic  Atlas  U.  S.,  folio  91,  U.  S.  Geol.  Survey,  1903. 
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The  base  of  the  Guernsey  formation  is  here  a  heavily  iron-stained 
and  sUghtly  conglomeratic  sandstone  that  is  locally  cemented  with 
lime  carbonate.  The  underlying  pre-Cambrian  limestone  prior  to  the 
deposition  of  the  Guernsey  formation  had  a  very  uneven  surface, 
roughened  through  the  development  by  solution  of  enlarged  joints, 
small  sink  holes,  and  irregular  cave  galleries.  The  ore-bearing  sand- 
stone, which  is  as  a  rule  but  3  feet  thick,  extends  down  into  these  cavi- 
ties, some  of  which  are  20  feet  below  the  normal  contact  of  the  Guern- 
sey and  pre-Cambrian  formations.  The  complexity  of  the  ramifica- 
tions of  such  masses  of  copper-bearing  sandstone  is  indicated  by  the 
fact  that  they  are  in  places  separated  from  one  another  by  masses  of 
pre-Cambrian  limestone  on  the  sides  of  the  workings.  Ore  does  not 
extend  from  the  sandstone  into  the  limestone  member  of  the  Guernsey 
formation.  The  mineralized  zone  is  exposed  for  150  feet  along  the 
valley  side. 

Malachite,  chrysocolla,  azurite,  and  chalcocite  form  the  cement  of 
the  sandstone.  The  vividly  colored  copper-stained  sandstone  alter- 
nates sharply  with  patches  of  unstained  pink  or  gray  sandstone.  The 
same  minerals,  together  with  the  yellowish-green  copper  arsenate 
already  mentioned,  fill  fractures  in  the  copper-stained  and  unstained 
sandstone,  forming  veinlets  and  nodules  of  ore.  Chalcocite  is  par- 
ticularly common  in  this  form.  Some  of  these  nodules  fill  cavities 
once  occupied  by  pebbles  of  pre-Cambrian  limestone  which  have  been 
removed  by  solution.  Where  the  cavities  have  not  been  completely 
filled  by  the  ore,  malachite  forms  tufted  crystal  aggregates,  whereas 
chrysocolla  occurs  as  botryoidal  masses.  White  or  yellowish  calcite, 
of  later  origin  than  the  copper  minerals,  incrusts  them,  and  in  many 
places  films  of  bluish-white  chalcedony  cover  the  calcite.  Although 
these  gangue  minerals  are  clearly  of  later  origin  than  most  of  the  ore, 
here  and  there  a  little  malachite  coats  the  chalcedony,  indicating  that 
the  ore  was  undergoing  recrystallization  during  a  considerable  period 
of  time. 

Malachite,  chrysocolla,  and  azurite  have  been  leached  from  this 
blanket  deposit  down  into  the  pre-Cambrian  limestones  as  irregular 
stains  and  as  stringers  descending  from  the  blanket  deposit. 

Two  thin  sections  of  ore  from  the  Green  Hope  mine  were  examined 
microscopically.  One  is  a  well-assorted  quartzose  sandstone  in  which 
the  half  stained  by  copper  is  separated  with  line-like  sharpness  from 
that  stained  by  limonite.  The  portion  of  the  rock  without  copper 
has  as  a  cement  finely  divided  kaolinitic  matter,  with  probably  a 
little  sericite.  In  the  other  portion  this  kaolinitic  substance  is 
replaced  by  malachite  either  in  a  very  finely  divided  and  almost 
flocculent  condition  or  in  fibrous  aggregates,  the  fibers  of  some  of 
which  are  radially  arranged.  In  one  or  two  places  malachite  enters 
the  quartz  grains  in  blunted  embayments  and  probably  replaces  it. 
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In  the  second  thin  section  chalcocite  as  well  as  malachite  forms  the 
cement.  Further,  both  minerals  fill  inaiw  fractures  in  the  quartz 
,  grains.  '  The  areas  of  the  copper  minerals  in  the  sandstone  are  so 
large  and  many  of  the  quartz  grains  have  been  so  greatly  e^iten  into 
by  malachite  and  chalcocite  that  it  is  evident  that  both  copper  min- 
erals have  replaced  the  quartz  to  an  important  extent. 

Silver  Cliff  mine. — The  Silver  Cliff  mine  is  three-fourths  of  a  mile 
southwest  of  Lusk,  the  deposit  crossing  low  hills  in  a  southerly  direc- 
tion. Ore  from  this  mine  is  reported  to  have  assayed  as  high  as 
$150  per  ton  in  silver  and  copper.  The  pre-Cambrian  formation 
here  is  a  steeply  dipping  muscovite  schist  interbedded  with  thin 
lenses  of  limy  schist.  The  flat-lying  Guernsey  formation  above  it  is 
dropped  down  by  a  fault  on  the  west  side  against  the  pre-Cam- 
brian. This  fault  courses  S.  10°  W.  and  has  a  displacement  of  20 
feet. 

The  pre-Cambrian  schist  along  this  fault  contains  malachite, 
chrysocoUa,  and  chalcocite,  and  a  few  leaves  of  native  silver  occur 
on  fracture  planes  in  the  schist.  The  exposures  are  not  sufficient  to 
determine  definitely  whether  this  is  a  pre-Cambrian  vein,  whether 
the  ore  in  the  pre-Cambrian  rocks  was  leached  from  the  overlj'ing 
Guernsey  formation,  or  whether  the  copper  ores  in  both  pre-Cam- 
b^:ian  and  Carboniferous  terranes  were  deposited  by  waters  ascend- 
ing along  the  fault  plane. 

In  the  iron-stained  sandstone  at  the  base  of  the  Guernsey  forma- 
tion* along  the  fault  line  is  a  blanket  of  copper  ore  from  20  to  40  feet 
wide,  2  to  5  feet  thick,  and  several  hundred  feet  long.  In  mineral- 
ogical  composition  the  ore  is  in  all  essential  particulars  similar  to 
that  of  the  Green  Hope  mine  previously  described,  except  that 
native  copper  is  reported  to  occur  near  the  surface.  A  thin  section  of 
the  Guernsey  ore  shows  that  limonite,  malachite,  and  chalcocite 
replace  the  matrix  of  the  sandstone,  which  is  kaolinitic  material  and 
calcite.  Kaolinized  grains  of  feldspar  are  likewise  heavily  stained 
by  malachite  that  apparently  replaces  the  kaolinitic  material.  The 
copper  minerals  also  replace  quartz  and  occur  in  fractures  in  the 
quartz  grains. 

Origin  of  deposits. — In  considering  the  origin  of  these  blanket 
deposits  the  following  facts  must  be  taken  into  account:  First,  they 
lie  upon  an  impervious  stratum,  and,  with  the  exception  of  the  Silver 
Cliff  deposit,  have  a  definite  downward  limit;  second,  the  ores  are 
mineralogically  like  those  of  the  Sunrise  and  Green  Mountain  Boy 
mines,  which  are  known  to  be  deposited  by  descending  waters;  third, 
the  deposits  are,  with  the  exception  of  that  at  the  Silver  Cliff  mine, 
unconnected  \vith  fractures;  fourth,  they  occur  in  a  formation  which 
is  younger  than  any  known  igneous  rock  in  the  Hartville  uplift;  and 
fifth,  in  many  places  they  are  associated  with  and  structurally  resem- 
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ble  recrystallized  detrital  iron  ores  which  occur  at  the  base  of  the 
Guernsey  formation  and  which  have  been  derived  from  the  mechan- 
ical breaking  down  of  pre-Cambrian  iron-ore  bodies.  (See  pp.  194-1 95.) 
The  deposits  were  not  laid  down  in  the  sea  in  the  form  in  which  they 
now  exist.  This  is  shown  by  the  fact  that  they  are  not  evenly  dis- 
tributed at  the  base  of  the  Guernsey  formation,  as  well  as  by  the 
straight-lined  contacts  between  copper-stained  masses  and  those 
that  are  unstained  by  it  and  by  the  occurrence  of  the  copper  minerals 
as  veinlets  in  fractures.  It  is  believed",  however,  that  the  blanket 
deposits  were  segregated  by  descending  and  laterally  moving  waters 
from  copper  that  was  widely  distributed  in  the  Guernsey  formation. 
This  copper,  presumably  derived  originally  from  fissure  veins  in  the 
pre-Cambrian  rocks,  was  probably  included  in  the  Guernsey  deposits 
as  either  a  mechanical  or  a  chemical  impurity  at  the  time  that  forma- 
tion was  laid  down  beneath  the  sea.  As  Emmons"  suggests,  clays 
may  have  precipitated  the  copper  from  the  sea  waters,  exercising 
the  peculiar  selective  property  called  adsorption  by  Kohler:^  That 
kaolinitic  substances  have  acted  as  powerful  agents  in  the  recrystal- 
lization  of  the  ores  is  shown  by  the  replacement  of  the  kaolinitic 
material  both  in  the  cement  of  the  sandstone  and  in  the  feldspars. 
From  analogy  with  the  iron  deposits  at  the  base  of  the  Guernsey 
formation  (see  pp.  198,203),itis  probable  that,  had  heavy  fragments  of 
copper  ore  formed  a  part  of  the  sand  of  the  Carboniferous  sea,  they 
would  naturally  be  concentrated  in  the  small  sink  holes  characterizing 
the  surface  of  the  pre-Cambrian  limestone.  Fragmental  copper  ore 
is,  however,  not  observed  in  any  of  the  deposits.  The  deposit  at  Silver 
Cliff,  as  before  stated,  may  be  of  different  origin,  and  the  copper  here 
may  have  been  deposited  by  water  ascending  along  the  fault. 

THE    COPPER    BELT    MINES    COMPANY^ S    HOLDINGS. 

.  For  convenience  the  mines  and  prospects  of  the  Copper  Belt  Mines 
Company  will  be  described  together.  These  properties,  which  are 
grouped  around  the  comer  common  to  sections  2,  3,  10,  and  11,  T. 
30  N.,  R.  64  W.,  lie  on  rugged  hills  half  a  mile  west  of  the  highest 
peak  of  the  Rawhide  Buttes.  The  rocks  in  the  vicinity  are  of  pre- 
Cambrian  age  and  comprise  an  interbedded  series  of  limestones  and 
schists,  and  a  granite  and  its  associated  pegmatite  intrusive  in  them, 
which  are  probably  equivalents  of  the  pre-Cambrian  rocks  near  Hart- 
ville.  The  limestones  are  crystalline,  fine  to  medium  grained,  and 
white.  The  schists  are  more  thoroughly  metamorphosed  than  those 
in  the  vicinity  of  Hartville.  The  folding  of  the  series  is  in  many 
places  very  close,  and  the  strike  of  the  formations  is  broadly  from 
northeast  to  southwest. 


a  Emmons,  S.  F.,  Bull.  U.  S.  Geol.  Survey  No.  260,  lOa*),  p.  232. 

b  Kohler,  Ernest,  Zeitschr.  prakt.  Geologie,,  February,  19()1,  pp.  44-.')9.    See  also  Sullivan,  Eugene, 
Economic  Geology,  vol.  1, 1905,  i)p.  07-73. 
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The  Lucky  Henry  incline,  288  feet  deep,  has  a  hanging  wall  of  lime- 
stone and  a  foot  wall  of  iron-stained  schist.  Tlie  limestone,  which 
dips  45°  S.  50°  E.,  is  but  2  to  4  feet  thick,  and  in  front  of  it  lies  a 
second  schist  band.  Since  the  dip  varies  somewhat  in  amount,  the 
hanging  wall  leaves  the  incline  at  several  points,  and  at  such  places 
drifts  extend  to  it.  The  ore  lies  in  the  schist  against  the  hanging 
wall  in  two  lens-shaped  masses  separated  from  each  other  by  barren 
schist.  These  lenses  are  from  1  to  6  feet  thick  and  appear  to  con- 
tinue downward  from  the  surface  to  the  bottom  of  the  incline  with  a 
width  of  15  feet  or  more,  although  there  may  be  breaks  in  the  ore 
where  the  foot  wall  is  not  exposed.  Within  the  lenses  the  schist 
contains  ramifying  veinlets  and  stringers  of  malachite  and  chryso- 
colla,  with  a  little  chalcopyrite.  Chalcopyrite  first  appears  at  50  feet 
from  the  surface  and  continues  to  the  bottom.  Veinlets  of  later 
origin,  which  are  filled  with  calcite  or  quartz,  cut  the  ore  stringers. 
Edwin  Hall,  the  president  of  the  company,  states  that  the  lenses  run 
from  2  to  8  per  cent  of  copper,  and  that  the  iron-stained  schist  around 
the  lenses  carries  from  $1  to  $12  in  gold  per  ton,  with  an  average  of 
$3,  and  from  2  to  5  ounces  of  silver  per  ton.  The  lower  10  feet  of 
the  incline  is  slightly  moist  and  surface  water  now  follows  the  schist 
hanging  wall  downward.  Development  has  not  proceeded  far  enough 
to  determine  beyond  doubt  how  this  deposit  was  formed.  Ascending 
water  may  have  been  the  agent.  If  this  is  true,  the  original  sulphides 
have  been  largely  changed  to  carbonates  and  silicates  by  surface  waters, 
descending  along  the  schist  foot  wall. 

The  Gold  Hill  and  Omaha  shafts  are  situated  on  a  band  of  schist 
from  7  to  20  feet  wide  lying  between  two  limestone  beds.  At  the 
Gold  Hill  shaft  the  dip  is  45°  S.  40°  E.,  and  at  the  Omaha  42°  S.  60° 
E.,  the  schist  band  between  the  two  describing  an  S.  In  the  Gold 
Hill  shaft  the  ore  is  in  a  cross  vein  bounded  by  fracture  planes  which 
dip  60°  S.  75°  W.  This  vein  is  6  feet  wide  and  beneath  it  is  a  2-foo't 
belt  of  iron-stained  schist  which  is  said  to  assay  in  gold  $4  per  ton. 
Malachite,  chrysocolla,  and  a  little  chalcocite  occur  within  the  shoot 
in  veinlets  parallel  to  and  cutting  the  schistosity.  A  quartz  vein 
parallel  to  the  schistosity  is  shattered  and  in  its  fractures  are  stringers 
and  nodules  of  chalcocite  and  bomite,  probably  original  sulphides. 
These  are  partially  altered  to  chrysocolla,  malachite,  and  azurite. 

At  the  Omaha  incline  chrysocolla,  malachite,  azurite,  chalcocite, 
and  chalcopyrite  occur  in  schist  in  stringers  both  parallel  to  the 
schistosity  and  cutting  it.  Barite  is  present  as  a  gangue.  The  ore- 
bearing  zone  reaches  a  maximum  width  of  4  feet  and  Hall  states  that 
it  assays  2  per  cent  copper,  although  by  hand  picking  the  contents 
could  be  raised  to  4  per  cent.  The  copper-bearing  lens  is  exposed 
more  or  less  continuously  for  204  feet.  The  open  cut  on  the  Emma 
claim  discloses  a  fracture  zone  in  schists  containing  quartz  lenses 
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parallel  to  the  schistosity  in  which  malachite,  green  and  brown  chry- 
socoUa,  azurite,  chalcocite,  and  chalcopyrite  occur  in  cavities  formed 
by  the  fracturing  of  the  country  rock.  The  ore  carries  from  3  to  30 
per  cent  of  copper,  masses  of  chalcocite  weighing  47  pounds  having 
been  found.  Malachite,  chrysocoUa,  and  chalcocite  occur  in  lime- 
stone on  the  Omaha,  Enima,  Lucky  Henry,  and  Metz  claims.  These 
deposits  are  probably  similar  to  those  described  under  the  heading 
"Lenses  in  pre-Caribrian  limestone'^  (pp.  98-99). 
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CARNOTITE  IN  RIO  BLANCO  COUNTY,  COLO, 


i^y  HOYT   S.    (»ALE, 


INTRODUCTION. 


In  September,  IDOG,  while  the  writer  was  engaged  in  a  survey  of  coal 
fields  in  the  upper  valleys  of  ^^^lite  and  Yampa  rivers  in  northwestern 
Colorado,  his  attention  was  called  to  the  reported  occurrence  of  an  ore 
of  uranium  that  was  then  and  is  now  attracting  considerable  interest 
from  various  parts  of  the  State.  The  prospects  lie  just  east  of  the 
border  of  the  Danforth  Hills  coal  field  and  the  material  occurs  in  rocks 
the  study  of  whose  stratigraphy  has  formed  an  important  part  of  the 
writer's  field  work  for  the  last  two  seasons.  In  the  spring  of  1906  a 
party,  including  Mr.  E.  L.  Wliite,  State  commissioner  of  mines,  and 
Prof.  Herman  Fleck  and  W.  G.  Haldane  of  the  school  of  mines  at 
Golden,  Colo.,  visited  these  prospects,  and  their  report  is  expected 
at  an  early  date. 

LOCATION. 

The  prospects  lie  near  the  valley  of  Coal  Creek,  about  14  miles  by 
wa-gon  road  northeast  of  Meeker,  the  county  seat  of  Rio  Blanco  county. 
Meeker  is  usually  reached  by  stage  from  Rifle,  a  station  45  miles  dis- 
tant cm  the  Denver  and  Rio  Grande  Railroad,  the  trip  occupying  a 
day.  The  claims  now  located  (eight  or  ten  in  number)  are  situated 
1^  miles  east  to  southeast  of  the  locality  known  as  '^The  Transfer,'' 
on  Coal  Creek,  where  lumber  hauled  from  the  mills  on  Sleepy  Cat 
Mountain  is  transferred  to  the  larger  wagon  loads  to  be  taken  into 
Meeker. 

CARNOTITE. 

The  name  carnotite  was  given  in  1899  by  E.  Cumenge  and  C. 
Friedel  to  a  canary-yellow  ocherous  pigment  that  was  found  impreg- 
nating a  siliceous  sandstone  in  Montrose  County,  Colo.®  Carnotite 
has  also  been  discovered  in  San  Miguel  and  Mesa  counties  in  Colorado 
and  in  adjacent  counties  of  Utah. 


a  Merrill,  G.  1\,  The  NonraetalUc  Minerals,  1904,  p.  322. 
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The  mineral  carnotite  is  of  use  as  a  source  of  the  rare  elements 
uranium  and  vanadium.  It  is  also  reported  to  have  been  tested  and 
found  to  contain  the  rarer  element  radium.**  It  is  readily  dissolved 
in  acids  and  may  be  treated  in  this  way  for  the  commercial  production 
of  uranium  salts.  The  chief  use  of  uranium  is  as  a  pigment  in  painting 
on  porcelain,  in  photography,  and  as  a  color  in  glass  manufacturing.* 
It  has  been  employed  experimentally  in  the  manufacture  of  ^,lloys 
of  iron  and  aluminum.  It  increases  the  hardness  and  elasticity  of 
steel  and  also  of  aluminum,  but  as  yet  has  not  been  put  to  much  prac- 
tical use  for  this  purpose. 

A  description  of  the  carnotite  occurrences  in  western  Colorado  and 
a  discussion  of  the  chemical  nature  of  the  mineral  will  be  found  in  a 
paper  published  by  Hillebrand  and  Ransome  in  August,  1900.*^  In 
this  paper  the  following  conclusions  as  to  the  general  nature  of  carno- 
tite are  reached: 

The  body  called  carnotite  is  probably  a  mixture  of  minerals  of  which  analysis  fails 
to  reveal  the  exact  nature.  Instead  of  being  the  pure  uranyl-potassium  vanadate,  it 
is  to  a  large  extent  made  up  of  calcium  and  barium  compounds.  Intimately  mixed 
with  and  entirely  obscured  by  it  is  an  amorphous  substance — a  silicate  or  mixture  of 
silicates — containing  vanadium  in  the  trivalent  state,  probably  replacing  aluminum. 
The  deposits  of  carnotite,  although  distributed  over  a  wide  area  of  country,  are  for  the 
most  part,  if  not  altogether,  very  superficial  in  character  and  of  recent  origin. 

The  Rio  Blanco  County  carnotite  is  found  in  the  Dakota  sandstone, 
a  group  of  sandstone  ledges  of  which  several  are  very  massive,  inter- 
stratified  with  some  shaly  beds.  This  formation  has  a  thickness  of 
700  feet  or  more.  The  carnotite  is  found  at  the  summit  of  the  hog- 
back ridge  formed  by  the  lowest  and  most  massive  of  the  sandstones. 
In  the  principal  group  of  deposits  seen  the  carnotite  occurs  in  asso- 
ciation with  fossil  or  silicified  wood.  This  fossil-wood  layer  is  appar- 
ently an  original  stratum  of  the  Dakota  sandstone,  for  it  may  be 
traced  along  the  strike  of  the  beds  for  a  mile  or  more.  The  carnotite 
itself  is  in  the  form  of  a  bright-yellow  film  or  crust  with  the  appearance 
of  having  been  deposited  from  solution,  coating  the  silicified  wood 
and  filling  cracks  in  it  and  to  a  less  extent  in  the  neighboring  sand- 
stone. In  only  one  place  the  mineral  was  found  as  an  impregnation 
in  the  Dakota  sandstone  apparently  without  association  of  silicified 
wood. 

The  mineral  itself,  scraped  from  the  rock  to  a  glass  slide,  immersed 
in  liquid  and  covered  with  a  thin  glass,  shows  on  magnification 
minute  granular  patches,  transparent  and  yellow  in  color.  W.  T. 
Schaller  examined  some  of  this  material  in  .the  Geological  Survey 
laboratory  and  found  a  few  crystals  showing  minute  hexagonal  form 

«  P'ng.  and  Min.  Jour.,  vol.  77, 1904,  p.  673. 
b  Eng.  and  Min.  Jour.,  vol.  76, 1903,  p.  46. 

c  On  carnotite  and  associated  vanadiferous  minerals  in  western  Colorado:  Am.  Jour.  Sci.,  4th  ser., 
vol.  10, 1900,  p.  120. 
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and  an  appreciable  thickness,  but  too  minute  to  give  interference 
figures.  In  this  respect  it  probably  varies  in  character  from  the  Mont- 
rose County  carnotite,  which  is  reported  to  be  composed  of  ^'exceed- 
ingly fine,  dust-like  particles  without  crystal  outlines  and  acting  so 
faintly  on  polarized  light  as  to  at  first  seem  almost  amorphous,' ' 
although  a  few  exceedingly  minute  crystals  are  also  mentioned  in  the 
description  of  that  material. 

The  Montrose  County  carnotite  is  reported  to  be  foimd  in  the  La 
Plata  sandstone,  which  is  of  Jurassic  age,  and  the  mineral  therefore 
occurs  in  an  older  geologic  formation  than  the  carnotite  of  Rio  Blanco 
County,  which  is  found  in  the  Dakota  sandstone.  Since,  however,  in 
both  localities  the  carnotite  was  evidently  deposited  in  these  rocks 
long  after  the  time  of  their  formation  as  such,  this  difference  has  no 
especial  significance  relating  to  a  differing  mode  or  time  of  formation 
of  the  mineral  itself. 

GEOLOGY  OF  THE  COAL  CREEK  DISTRICT. 

The  summit  of  Sleepy  Cat  Mountain  is  a  peak  of  about  10,800  feet 
elevation,  capped  by  basaltic  lava  representing  a  succession  of  surface 
flows  that  probably  took  place  in  late  Tertiary  time.  The  bowlders 
of  this  basalt  strew  the  spurs  and  ridges  surrounding  the  peak  and 
obscure  much  of  the  structure  of  the  underlying  sediments.  Coal 
Creek  rises  on  the  west  flank  of  Sleepy  Cat  Mountain  and  flows  nearly 
due  west  for  6  miles  in  a  rather  deep,  narrow  valley.  About  midway 
in  this  portion  of  its  course  the  creek  has  cut  its  valley  into  the  crest 
of  an  anticlinal  fold  or  dome  in  the  rock  strata,  exposing  formations 
that  are  doubtless  of  Triassic  age.  (See  geologic  map,  PI.  III.) 
Along  the  upper  half  of  tliis  stretch  of  Coal  Creek  the  rocks  dip  to  the 
east  or  northeast,  toward  Sleepy  Cat  Mountain.  Down  the  creek  bed 
west  of  the  fold  these  same  rock  beds  may  be  recognized  dipping  west- 
ward, in  the  direction  the  creek  is  flowing,  and  as  they  pass  beneath 
water  level  they  are  covered  by  successively  younger  formations.  At 
the  lower  end  of  its  narrow  valley  the  creek  passes  through  a  gateway 
in  large  ledges  of  white  quartzite  and  sandstone,  west  of  which  it 
emerges  into  a  long,  straight,  northwest-southeast  valley.  The  white 
sandstone  ledges  represent,  in  part  at  least,  the  formation  so  widely 
known  as  the  Dakota  sandstone.  The  depression  immediately  east 
of  this  sandstone  and  quartzite  ridge  is  formed  upon  shaly  strata 
showing  in  outcrops  of  various  colors,  in  the  main  shades  of  pink  and 
red.  It  is  suggested  that  these  underlying  strata  may  be  of  the  same 
age  as  the  Gunnison  formation  of  the  Anthracite-Crested  Butte  area.** 
Tlie  fact  that,  so  far  as  the  writer  knows,  no  identifiable  fossils  have 
as  yet  been  collected  from  the  formations  including  and  below  the 
Dakota  in  this  locality  or  near  vicinity  causes  some  doubt  as  to  the 

oEldridge,  G.  II.,  Geologic  Atlas  U.  S.,  folio  9,  U.  S.  Geol.  Survey,  1894. 
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proper  designation  of  these  lower  formations.  The  rock  strata,  how- 
ever, form  a  series  fairly  comparable  with  the  formations  known  east 
of  the  Rocky  Mountain  ranges,  and  it  is  on  the  basis  of  similarity  of 
character  of  the  rocks  themselves  that  the  geologic  names  are  given. 

Below  the  gap  in  the  Dakota  ledges  Coal  Creek  emerges  into  an  open 
valley,  from  which,  after  making  a  short  tmn  toward  the  north,  it 
once  more  turns  westward  and  cuts' into  the  sandstone  hogbacks  of 
the  coal  field.  Half  a  mile  or  so  beyond,  it  turns  to  the  south  toward 
White  River.  The  valley  between  the  coal-field  hogbacks  and  the 
Dakota  hogback  is  about  1^  miles  wide  and  is  eroded  on  a  formation 
of  comparatively  weaker  shales.  It  is  divided  about  midway  by  a 
minor  hogback  ridge  due  to  the  presence  of  some  harder  sandy  layers. 
The  total  thickness  of  these  shaly  strata  is  considerably  over  a  mile. 
Just  above  the  Dakota  ledges  the  shale  is  very  black,  dense,  and  in 
many  places  slaty,,  and  in  this  position  on  the  north  slope  of  Sleepy 
Cat  Moimtain  a  number  of  fossils  were  foimd  that  are  known  to  be 
of  Benton  age.  The  geologists  of  the  Hayden  survey  mapped  this 
whole  predominatingly  shaly  formation  (except  a  few  hundred  feet 
at  the  top  that  were  placed  with  the  Fox  Hills  formation)  as  the  Colo- 
rado shale.  As  a  single  unit  the  whole  group  of  strata  above  the 
Dakota  sandstone  and  below  the  coal-bearing  formation  has  been 
called  the  Mancos  shale  in  the  report  on  the  Yampa  coal  field." 

Above  the  Mancos  shale  the  coal-bearing  sandstones  and  shales 
attain  a  thickness  of  something  over  a  mile,  and  in  other  parts  of  the 
field  these  rocks  are  succeeded  and  overlain  by  still  later  formations. 
The  lumber  camp  loiown  as  ''The  Transfer '^  is  in  the  rocky  gorge 
where  Coal  Creek  enters  the  lowermost  ledges  of  the  coal-bearing  beds. 
All  of  these  rocks,  occupying  the  interval  from  the  beds  below  the 
Dakota  ledges  up  to  the  sandstone  ledges  near  ''The  Transfer,^'  dip 
westward  at  rather  high  angles,  varying  from  about  55°  to  75°.  (See 
cross  section,  PI.  IH.) 

PROSPECTS. 
CAYWOOD    CLAIMS. 

A  number  of  claims  on  which  only  prospect  pits  had  been  dug  were 
visited  in  company  with  Mr.  Gilbert  Wesson,  of  Meeker.  The  best 
showing  of  camotite  was  in  a  shallow  pit,  said  to  be  known  as  the 
Caywood  No.  1  claim.  This  is  situated  on  the  ridge  summit  at  an 
elevation  of  1,100  feet  above  Coal  Creek,  about  half  a  mile  north  of 
the  point  where  the  creek  fiows  thi'ough  the  Dakota  sandstone  ledges. 
In  this  and  some  other  pits  near  by  there  was  an  apparent  abundance 
of  fossil  wood,  coated  with  bright-yellow  pigment.  This  coating  is 
very  conspicuous  and  contrasts  markedly  with  the  dark  iron-brown 

a  Bull.  U.  S.  Geol.  Survey  No.  297, 1906. 
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rock  on  which  it  is  found.  Specimens  from  the  Cay  wood  No.  1  claim 
have  been  tested  by  George  Steiger  in  the  laboratory  of  the  Ignited 
States  Geological  Survey,  and  are  reported  by  him  as  containing 
uranium  and  vanadium  and  as  being  probably  camotite.  There  is 
practically  no  doubt  that  the  iriineral  is  actually  carnotite,  as  it  has 
already  been  so  detennined  by. a  number  of  authorities  who  have 
examined  material  from  this  locality.  Material  for  a  complete  analy- 
sis has  now  been  sent  to  the  Survey  laboratory  and  will  probably  be 
studied  later. 

The  specimens  collected  were  the  better  pieces  among  those  lying 
out  on  the  dump,  together  with  some  hammered  from  the  ledges  near 
their  surface  outcrop.  The  ore  shows  very  clearly  the  original  woody 
structure  in  the  silicified  gangue,  which  is  now  of  a  i-usty-brpwn  color 
and  filled  with  seams  and  cracks.  Some  small  pieces  of  coal  were  also 
found,  but  these  were  fragments  or  small  patches  and  not  a  continuous 
seam.  As  is  explained  more  fully  on  page  116,  the  ^yellow  camotite 
is  evidently  a  surface  coating,  filling  fractures  and  impregnating  the 
neighboring  sandstone. 

A  prospect  pit  said  to  be  known  as  Caywood  No.  2  is  situated  about 
300  yards  from  Caywood  No.  1  in  a  southerh^  direction  along  the 
ridge  summit,  but  about  300  feet  lower  down.  Here  the  sandstone 
showed  a  green  stain  for  4  or  5  feet  down  from  the  surface  of  the  ledge 
on4;he  ground,  especially  along  the  jointing  planes  in  the  rock.  This 
prospect  apparently  contained  no  yellow  ore,  but  a  streak  of  fossil 
wood  was  exposed,  embedded  in  the  massive  sandstone,  which  carried 
much  green  stain.  This  proved  on  testing  "  to  be  a  copper  stain  and 
showed  no  trace  of  vanadium  or  uranium.  The  whole  prospect  pit 
was  in  massive  though  much  broken  sandstone.  Below  the  Caywood 
No.  2  down  the  ridge  to  the  bed  of  Coal  Creek  fragments  of  silicified 
wood  were  noted,  apparently  marking  d  single  continuous  stratum 
in  the  Dakota  ledges. 

OTHER    PROSPECTS. 

On  the  south  side  of  Coal  Creek,  along  the  southerly  continuation 
of  the  hogback  ridge  that  has  just  been  described,  another  prospect 
pit  was  found.  This  is  about  half  a  mile  in  a  straight  line  south  of 
Coal  Creek  and  1,200  feet  or  so  above  the  main  creek  valley.  No 
carnotite  has  been  discovered  here,  but  the  silicified  wood  noted  at 
the  other  prospects,  as  well  as  the  associated  strata,  seemed  at  the 
time  of  visit  to  mark  tliis  pit  as  being  at  a  horizon  in  the  Dakota 
ledges  almost,  if  not  exactly,  identical  with  that  of  the  prospects 
already  described.  However,  inasmuch  as  the  plotting  of  this  locality 
on  the  map  seems  to  show  its  position  as  at  some  little  distance  w^est 
of  the  main  sandstone  ridge,  the  first  conclusion  as  to  its  identity  of 

a  By  OeoTge  Steiger,  In  laboratory  of  United  States  Geological  Survey. 


CAKNOTITE   IN   RIO   BLANCO   COUNTY,  COLO.  115 

horizon  with  those  to  the  north  may  not  have  been  correct.  West 
of  the  pit,  down  the  hill  slope,  the  outcrops  of  beds  representing  strata 
overiying  the  fossil-wood  layer  were  noted  as  follows:  Near  the  pit 
is  a  band  of  very  red  soil,  thought  to  indicate  a  calcareous  bed ;  beyond 
which  a  few  feet  of  white  granular  sandstone  or  quartzite  shows, 
dipping  40°  W.  Above  this  stratigraphically,  although  outcropping 
farther  down  the  hillside,  is  a  bed  of  conglomerate  containing  angular 
pebbles,  many  of  which  are  limestone.  Next  is  a  bed  of  quartzite 
dipping  56°  W.,  and  then  an  interval  of  100  feet  or  more  of  hill  slope 
covered  by  vegetation  and  loose  rock.  Below  this  there  is  an  outcrop 
of  dark-green,  compact,  almost  slaty  shale,  and  scattered  about  in 
the  soil  are  nodular  masses  of  radial  columnar  calcite,  ranging  from 
a  few  inches  in  diameter  to  the  size  of  a  pumpkin,  which  some  of  them 
somewhat  resemble  in  shape. 

A  little  over  a  mile  northeast  of  the  Gajrwood  No.  1  claim 
another  prospect  pit  was  found  high  up  on  the  ridge,  showing  yellow 
carnotite  ore  in  a  mode  of  occurrence  somewhat  diflferent  from  those 
already  described.  This  prospect  is  near  the  top  of  a  peak  that  was 
occupied  in  1876  as  a  triangulation  station  by  the  topographic  corps 
of  the  Hayden  survey,  who  give  its  elevation  as  9,430  feet.  The  pit 
itself  is  about  500  feet  southeast  of  the  summit  and  nearly  as  high. 
The  ore  seam  lies  6  feet  or  so  below  the  surface  of  the  ground.  The 
rock  is  the  Dakota  sandstone,  much  jointed  and  having  a  dip  of  about 
20°  a  little  west  of  north.  Around  this  point  the  outcrop  of  Dakota 
'  ledges,  together  with  the  strata  above  and  below,  swings  off  toward 
the  east,  dipping  in  a  northerly  direction  toward  Thornburgh  Moun- 
tain and  Axial  Basin  and  conforming  in  general  with  the  anticlinal 
structure  farther  south,  already  noted  in  the  section  along  the  upper 
valley  of  Goal  Creek.  (See  PI.  III.)  The  ore  seen  at  this  place  is  a 
seam  an  inch  or  so  thick  between  two  sandstone  strata.  The  over- 
lying bed  is  about  20  inches  and  that  below  about  4  inches  thick. 
The  ore  seam  itself  is  an  irregular  filling  in  what  appears  to  be  a  strati- 
fication plane  of  the  rock.  This  may  possibly  have  been  at  one  time 
the  channel  through  which  mineralized  solutions  have  passed.  The 
yellow  pigment  impregnates  the  inclosing  sandstone  on  either  side  of 
the  ore  seam,  producing  sandy  ore  similar  to  that  described  from 
Montrose  and  San  Miguel  counties.  No  fossil  wood  was  observed  at 
this  locahty.  . 

EXTENT  AND  ORIGIN  OF  THE  DEPOSITS. 

In  view  of  the  lack  of  development  on  the  properties  at  the  time 
they  were  visited  little  can  be  said  as  to  the  extent  of  these  deposits, 
in  depth.     By  analogy  with  similar  and  better  known  deposits  farther 
south  in  the  same  State  it  may  be  expected  that  these  deposits  will 
be  found  to  be  superficial  in  character.    T\\fc  oecvxrc^wo.^^  'sfe^^v^ssA 
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the  aspect  of  surface  deposits,  being  mere  coatings  or  films  of  an  appar- 
ently secondary  mineral  in  joints  and  fractures  of  the  country  rock, 
and  this  observation  is  corroborated  by  a  closer  examination  of  the 
ore  itself.  Under  the  microscope  thin  sections  of  material  from  the 
Caywood  No.  1  claim  show  the  cellular  structure  of  the  silicified  wood, 
but  no  trace  of  impregnation  with  mineral  within  its  mass,  most  of 
the  camotite  with  which  the  specimen  had  been  coated  having  been 
lost  in  the  grinding  of  the  thin  section.  Evidently  the  silicification 
of  the  wood  was  fully  completed  before  the  camotite  was  introduced. 
The  hand  specimen  shows  the  same  evidence,  only  the  outer  surface 
and  coarser  fractures  of  the  comparatively  impervious  wood  appearing 
to  contain  the  yellow  pigment. 

It  thus  seems  likely  that  carnotite  is  a  surface  or  alteration  product, 
representing  in  a  secondary  form  some  other  original  minerals  from 
which  its  substance  has  been  derived.  As  it  has  probably  been 
deposited  from  solution  in  ground  water  it  is  very  likely  that  the 
source  of  the  rare  elements  which  the  deposits  contain  may  have  been 
at  some  considerable  distance,  and  it  is.  possible  that  the  primary 
minerals  were  widely  disseminated  in  minute  quantities,  of  which  the 
present  deposits  are  a  product  of  concentration. 

Doctor  Hillebrand  suggests  in  a  personal  communication  that — 

Coal  is  a  possible  source  of  the  vanadium  and  perhaps  uranium  in  camotite  and  other 
evidently  secondary  minerals  that  contain  one  or  the  other  of  these  elements.  This 
suggestion  is  based  on  the  repeated  finding  of  vanadium  in  coal  ashes  and  the  observa- 
tion of  uranium  in  anthracitic  bitumen  in  Sweden  and  in  nodular  forms  of  carbon  from, 
the  oldest  sedimentaries  of  that  country, a  in  grahamite  from  "North  America,"  «  and 
in  carbonaceous  material  from  a  pegmatite  dike  in  Quebec.  &  Further,  in  the  San  Ra- 
fael Swell,  in  the  eastern  part  of  Utah,  vanadium  has  been  found  by  me  in  relatively 
large  amount  in  the  carbonaceous  material  accompanying  and  impregnating  sandstone, 
and  at  Cerro  de  Pasco,  Peru,  carbonaceous  matter  very  rich  in  vanadium  occurs,  c 
These  facts  are  so  indicative  of  a  relation  between  vanadium  and  possibly  uranium, 
and  certain  coals  and  carbonaceous  materials  that  an  examination  of  the  coals  and  bitu- 
mens of  western  Colorado  and  eastern  Utah  for  a  possible  content  in  these  elements 
seems  desirable.     If  found  in  them,  the  question  of  ultimate  origin  would  still  remain. 

In  this  connection  it  may  be  pointed  out  that  in  all  probability  the 
coal  seams  formerly  extended  over  and  far  beyond  the  position  of  the 
present  uranium  deposits;  that  these  strata  have  since  been  removed 
by  erosion ;  and  also  that  the  coal  seams  of  the  vicinity  are  at  present 
largely  burned  along  their  outcrop.  On  the  other  hand,  it  seems  that 
had  these  rare  elements  been  derived  from  the  coal  seams  we  should 
now  find  traces  of  minerals  containing  these  elements  among  the  sand- 
stones of  the  coal-bearing  strata,  rather  than  in  deposits  separated 
from  the  coal  beds  by  a  thickness  of  approximately  a  mile  and  a  half 

a  Nordenskiold,  A.  E.,  Comptes  rendus,  vol.  116, 1893,  p.  677. 

b  Obalski,  J.,  Jour.  Canadian  Min.  Inst.,  vol.  7, 1904,  p.  243;  Eng.  and  Min.  Jour.,  vol.  77, 1904,  p.  441. 
c  Hewett,  Foster,  Eng.  and  Min.  Jour.,  vol.  82, 1906,  p.  386.    Bravo,  Jos6  J.,  Inform,  y  Mem.  Bol.  Soc. 
Ing.  [Lima],  vol.  8, 1906,  p.  171. 
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of  sedimentary  rocks.  No  occurrences  of  camotite  have  been  ob- 
served or,  so  far  as  the  writer  knows,  reported  within  the  coal  field 
itself.  The  only  other  suggestion  that  can  now  be  offered  to  explain 
a  possible  source  of  uranium  and  vanadium  is  that  they  may  have 
been  derived  from  the  basalt  of  Sleepy  Cat  Mountain,  bowlders  of 
which  lie  scattered  over  the  Dakota  sandstone  ridges. 

VALUE,  a 

In  the  absence  of  knowledge  as  to  the  nature  and  extent  of  the 
deposits  in  depth  very  little  can  be  said  of  their  probable  commercial 
value.  An  announcement  in  the  Engineering  and  Mining  Journal  of 
March  3,  1906,  reporting  the  discovery  of  the  properties  that  have 
been  described  in  the  foregoing  pages,  stated  the  intention  of  the 
owners  to  ship  10  tons  of  ore  from  these  claims  to  Denver  for  treatment. 
It  is  not  known  whether  this  intention  has  been  carried  out  or  not,  but 
to  provide  a  sound  basis  for  an  estimate  of  values  available  the  sample 
should  represent  more  than  the  present  shallow  workings,  and,  as 
need  hardly  be  stated  here,  should  be  a  fair  average  of  the  actual  run 
of  prospecting  that  has  been  sufficiently  extensive  to  warrant  further 
'commercial  development  in  case  the  values  are  found  satisfactory. 

a  An  article  in  the  Mining  Magazine  for  February,  1906,  describes  a  method  of  treating  this  ore  in  a 
commercial  way. 


NOTE  ON  A  MINERAL  PROSPECT  IN  MAINE. 


By  George  Otis  Smith. 


Within  the  past  few  years  there  has  been  a  revival  of  interest  in 
mineral  deposits  in  eastern  Maine.  In  several  localities  where  small 
copper,  zinc,  or  lead  mines  were  opened  thirty  years  ago,  the  proper- 
ties have  been  reexamined  and  in  a  few  places  shafts  have  been 
pumped  out.  At  other  places  metalliferous  veins  have  been  pros- 
pected to  determine  whether  the  ore  can  be  mined  with  profit  under 
modem  methods  of  ore  treatment. 

At  the  request  of  the  Maine  State  Survey  Commission  the  writer 
visited  one  of  these  prospects  during  the  last  season,  and  the  following 
note  is  published,  as  it  is  believed  that  the  deposit  is  somewhat  typical 
of  the  disseminated  sulphides  of  this  region,  so  that  the  conclusions 
reached  here  majr  at  least  suggest  the  value  of  other  similar  deposits. 
The  l9cality  visited  is  in  the  town  of  West  Pembroke  on  the  farm  of 
B.  S.  Sinclair,  about  a  mile  southeast  of  Ayers  Junction  on  the  Wash- 
ington County  Railroad.  During  1906  considerable  prospect  work 
was  done  here,  and  shallow  openings  have  been  made  at  a  dozen  places 
on  the  hillside. 

The  country  rock  is  metamorphic  and  of  volcanic  origin,  much  of  it 
being  a  greenstone  breccia  with  amygdaloid  fragments.  The  bedding 
of  the  volcanic  deposits  appears  to  be  represented  by  the  sheets  of 
varying  texture,  which  have  an  east-west  strike  and  steep  dip.  The 
rock  is  thoroughly  silicified  and  more  or  less  jointed. 

The  metalliferous  minerals  are  sphalerite,  galena,  pyrite,  and  chal- 
copyrite,  with  quartz  and  calcite  as  gangue  minerals.  Oxidation 
has  penetrated  the  rock  for  only  I  to  2  inches,  and  copper  carbonates 
were  seen  at  one  place.  These  sulphides  are  scattered  throughout 
irregular  bands  of  the  greenstone,  the  mineralized  and  unmineralized 
portions  of  the  rock  not  being  sharply  contrasted.  In  no  place  is  any 
well-defined  vein  exposed,  although  at  one  opening,  No.  2,  the  more 
compact  greenstone  contains  several  small  lenticular  areas  of  quartz, 
including  small  bunches  of  chalcopyrite.  These  cut  across  the  sheet- 
ing of  the  rock.     Where  the  breccia  character  of  the  greenstone  is 
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well  shown  the  sulphides  occur  more  generally  in  the  matrix,  and  in 
the  amygdaloidal  phases  the  metallic  minerals  are  found  in  the 
amygdules. 

A  sample  of  ore  was  collected  at  the  small  opening  designated  the 
No.  6  prospect.  Care  was  taken  to  procure  a  representative  sample, 
with  the  view  of  determining  the  value  of  the  material  such  as  would 
necessarily  be  mined  and  shipped  from  a  deposit  of  this  type.  Such 
selection  was  made  to  secure  a  good  sample  of  the  possible  shipping 
product.  The  same  quo-lity  of  mineralized  rock  occurs  at  most  of  the 
openings,  but  at  none  could  any  commercial  quantity  of  better  grade 
ore  be  mined.  On  this  account  the  sample  is  believed  to  be  represent- 
ative of  this  deposit  and  probably  also  to  a  large  extent  of  other 
bodies  of  mineralized  rock  in  this  region. 

The  assay  of  this  sample  by  Ledoux  &  Company  of  New  York, 
follows : 

Assay  of  ore  from  West  Pembroke,  Me. 

Copper  by  electrolytic  a^say per  cent.     0. 08 

Zinc - do....     1.26 

Lead do 51 

Silver  (per  ton  2,000  pounds) ounce. .       .  13 

Gold  (per  ton  2,000  pounds) Trace. 

While  this  assay  indicates  a  total  content  of  between  $2  and  $3, 
under  the  present  high  prices  of  metals,  the  values  are  so  distributed 
among  the  four  metals  that  this  valuation  expresses  little.  No  com- 
mercial process  is  known  that  would  win  all  these  metals,  and  with 
anv  treatment  now  in  use  the  cost  of  the  recoverv  of  any  two  of  them 
would  doubtless  exceed  the  value  of  the  very  small  content  in  this 
rock.  It  can  therefore  be  stated  with  confidence  that  the  cost  of 
mining  and  treating  an  ore  of  this  type  would  be  prohibitive. 


NICKEL  DEPOSITS  OF  NICKEL  MOUNTAIN. 

OKEGON. 


By  G.  F.  Kay. 


INTRODUCTION. 


For  more  than  twenty-five  years  hydrated  nickel  magnesium  sili- 
cates have  been  known  to  occur  on  Pinev  or  Nickel  Mountain  near 
Riddles,  in  Douglas  County,  Oreg.,  and  it  has  been  hoped  that  devel- 
opment would  prove  the  presence  of  these  minerals  in  sufficient  quan- 
tity for  economic  purposes.  There  seemed  to  be  reason  for  this  hope, 
since  the  deposits  are  in  mineral  content,  in  modes  of  occurrence,  and 
in  their  associations  very  similar  to  the  deposits  of  New  Caledonia, 
whose  mines  are  the  second  largest  producers  of  nickel  in  the  world. 
But  as  yet  no  commercial  ores  have  been  produced. 

During  the  summer  of  1906  Mr.  J.  S.  Diller  and  the  writer  were 
engaged  in  mapping,  for  foHo  publication,  the  rocks  of  the  Riddles 
quadrangle,  in  which  the  nickel  silicates  occur.  In  connection  with 
this  work,  the  writer  made  a  special  study  of  the  ores,  in  order  to  get, 
if  possible,  a  clearer  idea  of  the  modes  of  occurrence  and  the  probable 
extent  of  these  interesting  deposits. 

Thanks  are  due  to  Mr.  W.  Q.  Brown,  of  Riddles,  for  kindness  in  the 
field  and  for  information  in  regard  to  the  development  and  other 
features  of  the  ore  bodies. 

The  literature  on  these  deposits  is  as  follows : 

Clarke,  F.  W.,  Some  nickel  ores  from  Oregon:  Am.  Jour.  Sci.,  3d  ser.,  vol.  35,  1888; 
pp.  483-488;  Bull.  U.  S.  Geol.  Survey  No.  60,  1890,  pp.  21-26. 

Analyses  are  given  of  the  nickel  silicates  of  the  country  rock  (Saxonite),  and 
of  the  olivine  of  the  country  rock.  J.  S.  Diller  gives  the  results  of  a  microscopical 
study  of  the  saxonite  and  of  the  ore.  The  evidence  points  to  the  saxonite  as  the 
source  of  the  nickel. 

Von  Foullon,  H.  B.,  On  Riddles,  Oreg.:  Jahrbuch  K.  k.  geol.  Reichsanstalt,  vol.42, 
Vienna,  1892,  p.  223. 

The  minerals,  their  associations,  and  their  probable  origin  are  described.  The 
ores  are  thought  to  have  resulted  from  the  decomposition,  by  superficial  weather- 
ing, of  the  country  rock,  which  he  calls  harzburgite.  The  processes  of  alteration 
are  fully  discussed. 

Austin,  W.  L.,  The  nickel  deposits  near  Riddles,  Oreg.:  Proc.  Colorado  Sci.  Soc, 
January,  6,  1896. 

The  location  of  the  deposits,  their  method  of  occurrence,  the  development  work, 
the  probable  origin  of  the  ores,  and  the  metallurgy  of  the  ores,  are  fully  discussed. 
Tho  theory  of  deposition  from  ascending  thermal  waters  is  advanced. 
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Ledoux,  a.  R.,  Notes  on  the  Oregon  nickel  prospects:  Canadian  Min.  Rev.,  vol.  20, 
1901,  pp.  84-85;  Jour.  Canadian  Min.  Inst.,  vol.  4,  1901,  pp.  184-189. 

Describes  the  geologic  relations  of  the  ore  bodies  and  gives  a  chemical  analysis 
of  the  ore. 

GEOGRAPHY  AND  HISTORY. 

Nickel  Mountain  is  one  of  many  peaks  and  ridges  of  moderate 
elevation  near  the  northeastern  base  of  the  Klamath  Mountains 
in  southwestern  Oregon.  It  is  about  3^  miles  west  of  Riddles,  a 
small  village  on  the  Southern  Pacific  Railroad,  about  225  miles 
south  of  Portland.  Riddles  is  713  feet  above  sea  level,  and  the 
highest  point  of  Nickel  Mountain  is  3,513  feet  above  sea  level.  The 
nickel  silicates  are  known  to  occur  only  on  the  southern  slope  of  the 
mountain,  above  an  elevation  of  2,000  feet.  A  good  wagon  road 
about  7  miles  in  length  runs  from  the  village  to  a  point  within  200  feet 
of  the  summit  of  the  mountain.  All  the  important  prospects  are 
reached  by  this  road. 

Although  these  deposits  were  discovered  about  1864,  their  true 
nature  was  not  recognized  until  1881.  Soon  after  that  time,  under 
the  management  of  W.  Q.  Brown,  the  original  owner,  development 
work  was  commenced,  being  continued  in  greater  or  less  degree  until 
1900,  when  all  work  was  suspended.  Numerous  surface  openings 
were  made,  shafts  sunk,  and  tunnels  run.  The  longest  tunnel,  320 
feet  in  length,  was  completed  in  1897  by  the  Oregon  Nickel  Mines 
Company.  The  deepest  shaft,  83  feet  deep,  was  sunk  by  the  same 
company  about  the  same  time.  In  all,  there  are  more  than  600 
feet  of  tunneling.  Owing  to  the  caving  in  of  the  walls,  many  of 
these  workings  are  not  now  accessible  except  at  the  entrances.  It 
is  estimated  that  between  3,000  and  4,000  tons  of  material  were 
taken  from  the  various  openings  and  placed  on  the  dumps,  where 
it  still  remains,  much  of  it  considerably  leached  and  of  low  grade, 
the  nickel  minerals  having  been  dissolved  and  carried  away.  Only 
a  few  small  shipments  of  ore  were  ever  made  to  the  smelters,  and 
these  merely  for  experimental  purposes.  In  1893  the  International 
Mining  Company  shipped  considerable  smelting  machinery  to  Riddles, 
but  it  was  never  used.  About  ^he  same  time  this  company  also 
erected,  near  the  deposits,  a  brick  engine  and  boiler  house,  a  sawmill, 
a  carpenter  shop,  a  blacksmith  shop,  and  other  buildings,  all  of  wliich 
are  now  in  a  more  or  less  dilapidated  condition. 

GEOLOGY. 

The  nickel  deposits  are  associated  with  saxonite  or  harzburgite,  a 
variety  of  peridotite,  a  basic  igneous  rock  consisting  chiefly  of  olivine 
and  enstatite.     Olivine  constitutes  more  than  two-thirds  of  the  whole 
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rock.  Chroinite  and  magnetite  are  in  general  present  as  dissemi- 
nated grains,  though  in  pl,aces  within  the  peridotite  area  there  are 
segregations  of  almost  pure  chromite.  The  peridotite  readily  breaks 
down  to  a  dark-greenish  serpentine,  a  rock  that  in  the  Nickel  Moun- 
tain region  is  widely  distributed  as  small  isolated  patches  and  elon- 
gated masses,  the  trend  of  which  is  northeast  and  southwest.  Such 
an  elongated  mass  of  serpentine  extends  for  several  miles  both  to  the 
northeast  and  to  the  southwest  of  Nickel  Mountain.  In  some  places 
the  band  is  narrow;  in  others  it  is  more  than  a  mile  in  width.  The 
serpentine  has  but  a  thin  covering  of  soil,  which  is  comparatively  free 
from  vegetation. 

Other  igneous  rocks  in  this  region  are  less  basic  than  the  peridotite 
and  may  be  designated  as  greenstones  and  dacite  porphyries.  The 
greenstones  comprise  several  types  of  rock,  all  of  which  are  more 
or  less  dull  green  in  color.  They  vary  in  texture  from  fine-grained 
and  compact  to  coarsely  granular.  Most  of  them  are  considerably 
altered,  but  where  fresh  are  usually  found  to  consist  essentially  of 
pyroxene  and  soda-lime  feldspars.  The  dacite  porphyries  are  rather 
fine-grained,  light-colored  rocks  and  are  much  less  abundant  than 
the  serpentines  and  greenstones.  The  chief  minerals  present  are 
quartz  and  soda-lime  feldspars,  both  of  which  in  many  places  form 
distinct  phenocrysts.     Ferromagnesian  minerals  are  subordinate. 

The  peridotite  appears  to  have  cut  up  through  the  greenstones, 
but  was  itself  intruded  by  the  dacite  porphyries. 

The  sedimentary  rocks  are  Mesozoic  and  Tertiary  in  age.  The 
systems  represented  are  Jurassic,  Cretaceous,  and  Eocene.  The 
Jurassic  consists  chiefly  of  sandstones  and  suBordinately  of  shales, 
conglomerates,  and  cherts.  The  rocks  as  a  rule  show  veining  and 
pronounced  lithification.  Fossils  are  scarce,  but  the  distinctly 
Jurassic  form  AuceUa  erringtoni  has  been  found.  The  Cretaceous 
rocks  consist  chiefly  of  conglomerates,  sandstones,  and  shales,  and 
their  fossils  correspond  to  those  of  the  Knoxville  and  Horsetown  of 
California.  There  is  evidence  of  a  slight  unconformity  between  the 
beds  representing  these  two  formations.  The  Knoxville  rocks  are 
lithified,'  but  for  the  most  part  not  nearly  so  strongly  as  the  rocks 
of  the  Jurassic.  The  Eocene  deposits  consists  of  yellowish  sandstone, 
shale,  and  conglomerate,  the  stratification  of  the  rocks  being  well 
preserved. 

A  great  unconformity  can  be  traced  between  the  Jurassic  and  the 
Cretaceous,  and  a  somewhat  less  important  unconformity  separates 
the  Cretaceous  and  the  Eocene. 

All  the  igneous  rocks  of  the  region  are  younger  than  the  Jurassic, 
some  are  younger  than  the  Cretaceous,  and  all  are  older  than  the 
Eocene, 
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THE   ORE   AND    THE   GANGUE. 

Practically  all  the  known  occurrences  of  nickel  silicate  in  this 
region  are  within  an  area  of  li  square  miles,  lying  on  the  slopes  to  the 
south,  southwest,  and  southeast  of  the  mountain.  The  thin  soil 
peculiar  to  this  area  is  composed  almost  entirely  of  iron  oxides,  which 
give  it  a  distinctly  reddish-brown  color.  The  ores  occur  chiefly  as 
flat-lying  deposits  on  the  surface  of  the  peridotite  and  subordinately 
as  veinlets  in  the  peridotite  or  its  decomposition  product,  serpentine. 
Only  one  nickel  mineral  is  known  to  occur  in  these  deposits,  namely, 
genthite,  which  is  a  soft  hydrous  nickel-magnesium  silicate.  The 
proportions  of  the  nickel  and  magnesium  vary  considerably  in  the 
best  specimens  obtainable,  as  shown  by  the  subjoined  analyses: 

Analyses  of  nickel  silicates  from  Riddles y  Oreg. 
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1.  Clarke,  F.  W.,  Am.  Jour.  Sci.,  3d  sen,  vol.  35,  1888,  p.  484. 

2-3.  Hood,  Dr.,  Mineral  Resources  U.  S.,  1882,  U.  S.  Geol.  Survey,  1883,  p.  404. 

4.  Von  Foullon,  H.  B.,  Jahrbuch  K.  k.  geol.  Reichsanstalt,  vol.  42, 1892,  p.  272. 

There  is  probably  every  gradation  from  material  with  compositions 
like  those  of  the  foregoing  analyses  to  pure  silicate  of  magnesium. 
Von  Foullon®  states  that  he  was  able  by  washing  to  separate  from  the 
green  ores  of  Nickel  Mountain  a  light-colored  material  which  on 
analysis  proved  to  be  magnesium  silicate,  containing  no  nickel.  The 
color  of  the  genthite  varies  with  the  nickel  content  from  a  pale  green 
to  a  deep  green — the  more  nickel  present  the  more  intense  the  color. 

For  the  sake  of  comparison  some  analyses  of  the  best  nickel  silicates 
of  New  Caledonia  are  given  herewith : 

Analyses  of  Ntw  Caledonia  nickel  silicates.^ 
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o  Jahrbuch  K.  k.  geol.  Reichsanstalt,  vol.  42, 1892,  p.  232. 
b  Annales  des  Mines,  10th  ser.,  vol.  4, 1903,  p.  368. 
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From  all  the  analyses  thus  far  published  of  the  nickel  silicates  of 
New  Caledonia  and  of  Riddles  it  appears  that  the  average  content 
of  nickel  in  the  New  Caledonia  minerals  is  higher  than  that  in  the 
genthite  of  the  Riddles  deposits.  Perhaps  sufficient  amounts  of  the 
Riddles  ores  have  not  been  smelted  to  permit  safe  estimates  to  be 
made  of  their  average  nickel  content;  but  the  treatment  by  different 
methods  'of  about  20  tons  of  the  ore,  which  constituted  the  sliipments 
made  by  the  Oregon  Nickel  Mines  Company,  gave  results  varying 
from  5  to  8  per  cent  in  nickel.  Two  specimens,  taken  by  the  writer 
as  average  samples  of  the  ore,  were  analyzed  in  the  Survey  laboratory 
by  George  Steiger.  The  results  were  5.35  and  4.94  per  cent  of  nickel. 
Each  of  the  two  analyses  also  showed  0.11  per  cent  of  cobalt.  The 
New  Caledonia  ores  now  being  shipped  to  the  smelters  contain 
between  6  and  7  per  cent  of  nickel. 

The  gangue  consists  of  quartz,  iron  oxides,  and  serpentine.  The 
quartz,  the  most  abundant  of  these  minerals,  is  in  general  of  a  whitish 
color,  but  the  surface  of  much  of  it  has  a  yellowish  to  brownish-red 
tint,  due  to  a  coating  of  iron  oxide.  The  quartz  appears  to  be  chiefly 
chalcedonic,  but  in  places  it  has  a  weak  greenish  color,  resembling 
chrysoprase,  a  mineral  that  has  been  shown  to  be  present  in  these 
deposits."  The  iron  oxides  are  of  a  distinctly  yellow  to  reddish- 
brown  color,  and  the  evidence  is  clear  that  these  oxides  represent  one 
of  the  final  products  of  decomposition  of  the  serperitine,  which  is 
itself  produced  by  the  alteration  of  the  peridotite. 

THE  DEPOSITS. 

The  deposits,  which  lie  flat,  occur  as  brecciated  and  conglomeratic 
irregular  masses  on  the  surface  of  the  peridotite  and  consist  of  silica, 
nickel  silicate,  iron  oxide,  and  serpentine,  with  a  very  subordinate 
amount  of  chromite.  The  most  striking  feature  of  the  ore  is  the  green 
color  of  the  nickel  silicate.  Where  the  ores  have  been  exposed  to 
weathering  action  for  a  considerable  time,  theses  nickel  silicates  have 
been  dissolved  and  carried  away  and  a  honeycombed  quartz  skeleton 
remains.  In  some  of  the  cavities  of  this  skeleton  are  found  pulveru- 
lent iron  oxides,  which  can  readily  be  shaken  out,  only  the  siliceous 
cement  of  the  former  brecciated  or  conglomeratic  mass  being  left. 
Such  materials  lie  on  the  surface  of  a  considerable  part  of  the  nickel 
area  and  have  served  as  a  guide  to  prospecting.  A  portion  of  this 
material  has  been  transported  mechanically  to  its  present  location. 
In  some  places  the  brecciated  ore  consists  of  irregular-shaped  frag- 
ments of  serpentine  breaking  down  to  hydrated  iron  oxides.  The 
fragments  are  cemented  by  silica  and  nickel  silicate,  which  were  prob- 

rt  Kunz,  G.  F.,  Gems  and  Precious  Stones,  p.  122. 
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ably  deposited  at  about  the  same  time.  Here  and  there  these  cement- 
ing materials  do  not  fill  all  the  spaces  between  the  fragments.  In 
such  places  the  cavities  are  lined  with  a  thin  film  of  silica  having  a 
mammillated  surface.  This  thin  film  appears  to  have  been  deposited 
later  than  the  general  mass  of  cementing  quartz  and  nickel  silicate. 

The  distinctly  conglomeratic  ore  differs  from  the  brecciated  ore  in 
that  the  constituents  are  rounded  rather  than  angular.  This  is  par- 
ticularly well  shown  by  the  nickel  silicate  itself,  which  consists  of 
rounded  concretions  varying  from  the  size  of  a  pin's  head  to  that  of  a 
walnut.  When  broken  open,  these  are  usually  found  to  consist  of 
homogeneous,  apple-green,  amorphous-looking  nickel  silicate,  which 
on  close  inspection  is  seen  to  be  penetrated  by  minute  films  of  white 
silica;  but  in  some  of  the  ore  the  nickel  ^silicate  forms  only  a  shell  on 
the  outside  of  the  pebble,  the  inside  consisting  of  decomposed  serpen- 
tine or  of  brecciated  ore,  in  which  the  small  fragments  of  nickel  sili- 
cate, iron  oxide,  and  serpentine  are  plainly  seen.  Many  specimens  of 
the  ore,  both  brecciated  and  conglomeratic,  show  slickensided  sur- 
faces, indicating  movement  subsequent  to  the  formation  of  the  ores. 

The  ore  found  beneath  the  flat-lying  deposits  occurs  as  small  veins 
and  minute  veinlets  in  the  peridotite,  which  contains  innumerable 
fractures.  These  veins  and  veinlets  run  in  various  directions,  forming 
an  irregular  network,  but  in  the  main  they  appear  to  be  related  to 
zones  of  fracture  and  brecciation  that  have  a  general  northeast- 
southwest  direction.  These  zones  are  of  considerable  width,  but  the 
individual  fractures  are  narrow,  the  largest  vein  observed  being  not 
more  than  6  inches  wide  and  most  of  them  less  than  1  inch.  The 
vein  filling  consists  of  nickel  silicate  and  silica,  but  iron  oxides  are  also 
present,  and  in  some  places  the  material  is  of  the  nature  of  a  cemented 
breccia.  Between  the  veinlets  in  the  fractured  zones  the  material  is 
chiefly  hydrated  iron  oxide  in  which  rounded,  bowlderlike  masses  of 
fairly  fresh  peridotite  occur.  In  places  the  fractures  are  still  unfilled, 
the  walls  being  of  peridotite  but  little  altered. 

Fault  planes  with  slickensided  surfaces  were  observed  at  several 
places  within  the  nickel  area.  The  relations  of  many  of  these  fault 
planes  to  the  ore  bodies  indicate  that  iiiovements  have  taken  place 
subsequent  to  the  forming  of  the  general  mass  of  the  ore. 

ORIGIN  OF  THE  ORES. 

The  field  evidence  strongly  suggests  that  the' nickel  silicates  are  a 
decomposition  product  of  the  peridotite  with  which  the  ores  are  so 
intimately  associated.  The  evidence  derived  from  chemical  analyses 
supports  this  view. 

The  nickel,  which  is  by  analysis  foimd  in  small  ([uantities  in  the 
fresh  peridotite,  appears  to  be  associated  with  the  constituent  olivine 

Bull.  315—07—9 
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rather  than  with  the  enstatite.     Clarke's  analyses  "  of  the  rock  and 
of  the  olivine  are  as  follows: 

Analyses  of  peridot  ite  ami  olivine  from  Nickel  Mountain^  Oregon. 
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The  rock  analyzed  was  more  than  two-thirds  qlivine.  The  olivine 
anatyzed  was  not  entirely  free  from  chromite  and  enstatite.  Von 
Foullon  analyzed  the  olivine  of  a  peridotite  from  this  region  and  found 
it  to  contain  0.32  per  cent  of  nickel  oxide;  about  80  per  cent  of  his 
rock  was  olivine.  His  analysis  of  the  rhombic  pyroxene  of  the 
peridotite  gave  only  0.05  per  cent  of  nickel  oxide. 

Analyses  of  the  serpentines  which  have  been  derived  from  the  peri- 
dotite also  show  the  presence  of  nickel.  For  example,  Von  Foullon 
states^  that  a  specimen  of  serpentine  taken  near  the  border  of  the 
peridotite  area  contained  0.45  per  cent  of  nickel  oxide.  A  specimen 
taken  by  J.  S.  Diller  from  Iron  Mountain,  in  the  Port  Orford  (juad- 
rangle,  more  than  25  miles  west  of  Nickel  Mountain,  yielded  0.13  per 
cent  of  nickel  oxide. ^  A  specimen  obtained  by  the  writer  from  a 
large  serpentine  area  northeast  of  Nickel  Mountain  and  analyzed  by 
George  Steiger  showed  0.26  per  cent  of  nickel,  equivalent  to  0.33  per 
cent  of  nickel  oxide.  Indeed,  when  we  consider  that  the  rocks  con- 
taining nickel  in  small  quantities  are  so  widespread  in  this  region,  it 
is  surprising  that  the  deposits  of  nickel  silicate  appear  so  scanty.  The 
writer  has  no  definite  evidence  to  account  for  the  fact  that  the  ser- 
pentines derived  from  the  peridotite  on  the  southern  slope  of  Nickel 
Mountain  are  further  decomposed  into  nickel  silicate,  silica,  and  iron 
oxide,  whereas  elsewhere  they  show  no  such  alteration.  It  may  be 
that  the  rocks  in  the  vicinity  of  the  deposits  contained  many  more 
minute  fractures  and  fissures  than  the  rocks  in  other  places.  If  so, 
weathering  action  must  have  been  more  effective  and  the  decompo- 
sition of  the  rocks  more  complete  near  these  deposits  than  where  the 
fractures  were  fewer. 

The  field  study  of  the  nickel  deposits  and  their  associations  reveals 
the  various  stages  from  the  fresh  peridotite  to  the  final  products  of 
decomposition.  The  peridotite,  under  the  ordinary  atmospheric 
weathering  processes,  has  been  decomposed  into  serpentine,  which  in 
turn  was  further  decomposed,  the  resulting  products  being  hydrous 

o  Clarke,  F.  W.,  Am.  Jour.  Sci.,  3d  ser.,  vol.  35,  1888,  p.  485. 
h  Jahrbuch  K.'k.geol.  Relchsanstalt,  vol.  42,  1892,  p.  233. 
c  Geologic  Atlas  U.S.,  folio  89,  U.  S.  Geol.  Survej%  1903,  p.  4. 
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nickel-magnesium  silicate,  silica,  and  iron  oxides.  The  hydrous  nickel- 
magnesium  silicate  and  silica  were  dissolved,  carried  out,  and  rede- 
posited  in  the  cracks  and  crevices  so  abundant  in  the  peridotite. 
The  iron  oxide,  unless  transported  mechanically,  remained  behind  in 
the  spaces  formerly  composed  of  peridotite  or  serpentine.  It  is 
probable  that  much  of  the  material  now  found  in  the  veins  and  vein- 
lets  in  the  peridotite  has  been  leached  from  deposits  formed  higher 
up,  carried  down,  and  redeposited.  Some  material  has  probably  been 
carried  down  mechanically. 

This  theory  of  origin  is  in  accord  with  that  advanced  by  Von  Foul- 
Ion  "  after  a  careful  study  of  the  deposits.  A  similar  view  has  recently 
been  presented  by  Glasser  ^  in  explanation  of  the  nickel-silicate 
deposits  of  New  Caledonia. 

If  this  theory  is  correct,  the  downward  extension  of  the  main 
deposits  will  be  limited  to  the  depth  of  decomposition  of  the  peridotite. 
On  the  other  hand,  if  the  theory  of  deposition  by  ascending  thermal 
waters,  as  advanced  by  Austin,  is  correct,  the  deposits  may  extend 
locally  to  greater  depths,  but  of  this  there  is  no  favoring  evidence  on 
the  surface.  The  depth  of  the  deposit  appears,  from  present  evi- 
dence, to  be  comparatively  shallow. 

a  Jahrbuch  K.  k.geol.  Reichsanstalt,  vol.  42,  1892,  pp.  224-233. 
b  Annales  des  Mines,  10th  ser.,  vol.  4, 1904,  pp.  448-464. 


SURVEY  PUBLICATIONS  ON  TIN,  QUICKSILVER, 
PLATINUM,  TUNGSTEN,  CHROMIUM, 

AND  NICKEL. 

The  principal  publications  by  the  United  States  Geological  Survey 
on  the  metals  here  grouped  are  the  following: 

Becker,  G.  F.  Geology  of  the  quicksilver  deposits  of  the  Pacific  slope,  with  atlas. 
Monograph  XIII.    486  pp.     1888. 

Quicksilver  ore  deposits.     In  Mineral  Resources  U.  S.  for  1892,  pp.  139-168. 

1893. 

Blake,  W.  P.  Nickel;  its  ores,  distribution,  and  metallurgy.  In  Mineral  Resources 
U.  S.  for  1882,  pp.  399-420.     1883. 

Tin  ores  and  deposits.     In  Mineral  Resources  U.  S.  for  1883-84,  pp.  592- 

640.-   1885. 

Christy,  S.  B.  Quicksilver  reduction  at  New  Almaden  [Cal.].  In  Mineral  Re- 
sources U.  S.  for  1883-84,  pp.  503-536.     1885. 

Day,  D.  T.,  and  Richards,  R.  H.  Investigations  of  black  sands  from  placer  mines. 
In  Bulletin  No.  285,  pp.  15(K164.     1906. 

Emmons,  S.  F.  Platinum  in  copper  ores  in  Wyoming.  In  Bulletin  No.  213,  pp. 
94-97.     1903. 

Glenn,  W.     Chromic  iron.     In  Seventeenth  Ann.  Rept.,  pt.  3,  pp.  261-273.     1896. 

Graton,  L.  C.     The  Carolina  tin  belt.     In  Bulletin  No.  260,  pp.  188-195. 

Reconnaissance  of  some  gold  and  tin  deposits  in  the  southern  Appalachians. 

Bulletin  No.  293.     134  pp.     1906. 

Hess,  F.  L.,  and  Graton,  L.  C.  The  occurrence  and  distribution  of  tin.  In  Bul- 
letin No.  260,  pp.  161-187.     1905. 

HoBBS,  W.  H.  The  old-tungsten  mine  at  Trumbull,  Conn.  In  Twenty-second  Ann. 
Rept.,  pt.  2,  pp.  7-22.     1902. 

Tungsten  mining  at  Trumbull,  Conn.     In  Bulletin  No.  213,  p.  98.     1903. 

Kemp,  J.  F.     Geological  relations  and  distribution  of  platinum  and  associated  metals. 

Bulletin  No.  193.     95  pp.     1902. 

Packard,  R.  L.  Genesis  of  nickel  ores.  In  Mineral  Resources  U.  S.  for  1892,  pp. 
170-177.     1893. 

Richardson,  G.  B.  Tin  in  the  Franklin  Mountains,  Texas.  In  Bulletin  No.  285, 
pp.  146-149.     1906. 

Rolker,  C.  M.  The  production  of  tin  in  various  parts  of  the  world.  In  Sixteenth 
Ann.  Rept.,  pt.  3,  pp.  458-538.     1895. 

Ulke,  T.  Occurrence  of  tin  ore  in  North  Carolina  and  Virginia.  In  Mineral  Re- 
sources U.  S.  for  1893,  pp.  178-182.     1894. 

Weed,  W.  H.     The  El  Paso  tin  deposits  [Texas].     Bulletin  No.  178.     6  pp.     1901. 

Tin  deposits  at  El  Paso,  Tex.     In  Bulletin  No.  213,  pp.  99-102.     1903. 

Weeks,  F.  B.     An  occurrence  of  tungsten  ore  in  eastern  Nevada.     In  Twenty-first 

Ann.  Rept.,  pt.  6,  pp.  319-320.     1901. 

Tungsten  ore  in  eastern  Nevada.     In  Bulletin  No.  213,  p.  103.     1903. 

128 


LEAD  AND  ZINC. 

Many  papers  relating  to  silver-lead  deposits  will  be  found  included 
in  the  list  on  pages  9  to  13  of  this  bulletin.  The  principal  other  papers 
on  lead  and  zinc  published  by  the  United  States  Geological  Survey 
or  by  members  of  its  staff  are  the  following: 

Adams,  G.  I.  Zinc  and  lead  deposits  of  northern  Arkansas.  In  Bulletin  No.  213, 
pp.  187-196.     1903. 

Adams,  G.  I.,  and  others.  Zinc  and  lead  deposits  of  northern  Arkansas.  Profes- 
sional Paper  No.  24.     118  pp.     1904. 

Bain,  H.  F.  Lead  and  zinc  deposits  of  Illinois.  In  Bulletin  No.  225,  pp.  202-207. 
1904. 

Lead  and  zinc  resources  of  the  United  States.     In  Bulletin  No.  260,  pp. 

251-273.     1905. 

A  Nevada  zinc  deposit.     In  Bulletin  No.  285,  pp.  166-169.     1906. 

Zinc  and  lead  deposits  of  the  upper  Mississippi  Valley.     Bulletin  No.  294. 

155  pp. 

Bain,  H.  F.,  Van  Hise,  C.  R.,  and  Adams,  G.  I.  Preliminary  report  on  the  lead 
and  zinc  deposits  of  the  Ozark  region  [Mo.-Ark.].  In  Twenty-second  Ann.  Kept.,  pt. 
2,  pp.  23-228.     1902. 

Clerc,  F.  L.  The  mining  and  metallurgy  of  lead  and  zinc  in  the  United  States.  In 
Mineral  Resources  U.  S.  for  1882,  pp.  358-386.     1883. 

Ellis,  E.  E.  Zinc  and  lead  mines  near  Dodgeville,  Wis.  Jn  Bulletin  No.  260,  pp. 
311-315.     1905. 

Grant,  U.  S.  Zinc  and-lead  deposits  of  southwestern  Wisconsin.  In  Bulletin  No. 
260,  pp.  304-310.     1905. 

Hoffman,  H.  O.  Recent  improvements  in  desilverizing  lead  in  the  United  States. 
In  Mineral  Resources  U.  S.  for  1883-84,  pp.  462-473.     1885. 

Iles,  M.  W.  Lead  slags.  In  Mineral  Resources  U.  S.  for  1883-84,  pp.  440-462. 
1886. 

Keith,  A.  Recent  zinc  mining  in  East  Tennessee.  In  Bulletin  No.  225,  pp. 
208-213.     1904. 

Ransome,  F.  L.  Ore  deposits  of  the  Coeur  d*Alene  district,  Idaho.  In  Bulletin 
No.  260,  pp.  274-303.     1905. 

Smith,  W.  S.  T.  Lead  and  zinc  deposits  of  the  Joplin  district,  Missouri-Kansas. 
In  Bulletin  No.  213,  pp.  197-204.      1903. 

Ulrich,  E.  O.,  and  Smith,  W.  S.  T.  Lead,  zinc,  and  fluorspar  deposits  of  western 
Kentucky.  In  Bulletin  No.  213,  pp.  205-213.  1903.  Professional  Paper  No.  36. 
218  pp.      1905. 

Van  Hise,  C.  R.  Some  principles  controlling  deposition  of  ores.  The  association 
of  lead,  zinc,  and  iron  compounds.  Trans.  Am.  Inst.  Min.  Eng.,  vol..30,  pp.  102-109, 
141-150.     190L 

Van  Hise,  C.  R.,  and  Bain,  H.  F.  Lead  and  zinc  deposits  of  the  Mississippi  Valley, 
U.  S.  A.    Trans.  Inst.  Min.  Eng.  [England],  vol.  23,  pp.  376-434.     1902. 

Winslow,  a.  The  disseminated  lead  ores  of  southeastern  Missouri.  Bulletin  No. 
132.    31pp.     1896. 

WoLFP,  J.  E.  Zinc  and  manganese  deposits  of  Franklin  Furnace,  N.J.  In  Bulletin 
No.  213,  pp.  214-217.    1903. 

Via 


IRON  AND  MANGANESE  ORES. 


THE  CLINTON  OR  RED  ORES  OF  THE  BIRMING 

HAM  DISTRICT,  ALABAMA. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

Detailed  work  on  the  iron  ores  of  the  Birmingham  district  was  car- 
ried on  in  the  summer  of  1906,  continuing  to  the  southward  the  studies 
of  these  ores  begun  in  northeast  Alabama  by  E.  C.  Eckel  in  the  fall  of 
1905. 

By  the  Birmingham  district  is  meant  the  area  from  which  the  fur- 
naces at  Birmingham,  Ensley,  and  Bessemer  derive  their  iron  ores. 
It  is  comprised  within  the  southeastern  part  of  the  Birmingham  30- 
minute  quadrangle,  the  northwest  quarter  of  the  Bessemer  quadran- 
gle, and  the  northeast  quarter  of  the  Brook  wood  quadrangle.  As  a 
complete  report,  with  maps,  covering  the  iron  ores  and  iron  industry 
of  the  Birmingham  district,  is  now  in  preparation,  this  paper  presents 
only  an  outline  of  the  principal  facts  regarding  the  red  ore  that  were 
noted  in  the  course  of  the  survey.  The  brown  ores  used  in  the  district 
come  mainly  from  the  vicinity  of  Woodstock.  These  ores,  together 
with  their  geologic  relations  and  extent,  have  been  described  in  a  pre- 
vious Survey  report."  The  present  bulletin  contains  an  article  by 
Charles  Butts  (pp.  247-255),  outlining  the  distribution  and  character 
of  the  local  fluxing  materials. 

THE   TOPOGRAPHY  AND    ITS    RELATIONS    TO    INDUSTRIAL 

DEVELOPMENT. 

The  city  of  Birmingham  and  its  suburbs  are  built  in  the  heart  of  the 
valley  region  of  Alabama.  This  valley  region  lies  between  the  Cahaba 
coal  field  on  the  southeast  and  the  Warrior  coal  field  on  the  north- 
west, and  its  rectilinear  ridge  and  valley  type  of  topography  is  in 

a  Burchard,  E.  F.,  Iron  ores  in  the  Brookwood  quadrangle,  Alabama:  Bull.  U.  S.  Geol.  Survey  No. 
260,  1905,  pp.  321-334. 
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strong  contrast  with  the  irregular,  roughly  dissected  topography  of 
the  coal  fields. 

The  valley  topography  is  characterized  by  long,  narrow,  canoe- 
shaped  troughs,  in  general  parallel  to  each  other  and  separated  by 
well-defined  ridges.  The  trend  of  the  valleys  is  approximately  N.  30® 
E.  Their  form  is  directly  dependent  on  the  geologic  structure  and 
lithology  of  the  underlying  rocks.  They  are  developed  mainly  on  the 
softest  and  most  soluble  rocks,  along  the  axes  of  anticlines,  the  most 
enduring  strata  on  the  limbs  of  the  folds  forming  the  rims  of  the  val- 
leys. At  distances  of  2  to  5  miles  apart  openings  or  ''gaps,''  some  of 
which  extend  to  the  valley  level,  are  cut  at  right  angles  through  the 
ridges  and  afford  convenient  passageways  between  the  valleys. 

Birmingham  Valley,  the  largest  and  from  an  industrial  standpoint 
the  most  important  of  these  valleys,  extends  from  the  vicinity  of 
Springville  on  the  northeast  beyond  Vailce  on  the  southwest,  and 
from  the  Warrior  coal  field,  or  Sand  Mountain,  on  the  northwest  to 
the  Cahaba  coal  field,  or  Shades  Mountain,  on  the  southeast.  To 
the  southwest  the  inclosing  ridges  pass  below  unconsolidated  Cre- 
taceous and  Tertiary  claj'^s  and  sands;  to  the  northeast  lies  Blount 
Mountain.  Birmingham  Valley  thus  has  a  length  of  nearly  75  miles, 
an  average  width  of  more  than  6  miles,  and  an  area  of  nearly  500 
square -miles.  This  valley  is  divided  into  minor  valleys  hj  low  ridges, 
such  as  Red  Mountain  and  West  Red  Mountain,  Flint  Ridge,  and 
Cemetery  Ridge,  all  due  to  folding  and  faulting  of  the  main  anti- 
cline; and  this  complicated  structure  finds  expression  in  Shades  and 
Roups  valleys  at  the  southeast  and  southwest  ends  and  in  Jones  and 
Opossum  valleys  at  the  northeast  and  northwest  ends,  respectively. 
This  system  of  valleys  varies  in  the  altitude  of  its  lowest  levels  from 
about  400  feet  at  the  southwest  to  700  feet  at  the  northeast  end. 
These  altitudes  are  higher  than  the  lowest  levels  cut  by  streams  in 
the  dissected  plateau  country,  and  consequently  streams  do  not  flow 
lengthwise  through  the  valleys,  but  after  flowing  a  short  distance 
break  through  the  bordering  ridges  and  flow  out  into  the  lower 
country  beyond.  Birmingham  Valley,  on  account  of  its  relatively 
high  altitude,  really  forms  a  divide,  since  its  northwestern  portion  is 
drained  by  Warrior  River  and  its  southeastern  portion  by  Cahaba 
River. 

Red  Mountain,  the  main  minor  ridge  within  Birmingham  Valley, 
furnishes  nearly  all  the  red  ore  smelted  in  the  district,  and  the 
Woodstock  area,  in  the  southwestern  portion  of  the  valley,  produces 
the  major  part  of  the  brown  ore.  Coking  coal  is  mined  in  the 
Warrior  coal  field,  only  a  few  miles  distant  from  the  furnaces.  Dolo- 
mite and  limestone,  suitable  for  fluxing,  occur  in  the  valley  rocks 
below  and  above  the  red  ore.  Only  in  the  southern  Appalachian 
iron-ore   districts   is   there    grouped    this   series   of   deposits^  eack 
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member  of  which  is  more  or  less  dependent  on  the  others,  but  which 
taken  together  form  tuch  a  matchless  combination  of  raw  mate- 
rials. The  simple,  regular  topographic  features  of  the  valley  have 
made  accessible  the  ores  and  stone  at  every  point  where  they  are  of 
workable  character,^  and  enterprising  railroad  companies  have  rap- 
idly improved  the  opportunities  for  developing  the  region.  The 
only  serious  problem  involved  bj^  the  valley  topography  is  that  of 
obtaining  a  water  supply  adequate  for  manufacturing  purposes. 
The  relatively  high  altitude  of  the  valley,  as  before  stated,  has 
diverted  the  streams  that  rise  within  its  borders.  The  supply  from 
large  springs  is  now  nearly  all  utilized  as  soon  as  it  emerges  from 
the  ground,  but  this  is  not  sufficient  to  meet  the  demands.  The 
Birmingham  city  supply  is  piped  from  the  distant  Cahaba  River, 
and  some  of  this  water  is  used  by  manufactories,  although  its  cost 
in  large  quantities  is  necessarily  almost  prohibitive.  Two  courses 
are  open  to  the  manufacturers — first,  that  of  forming  an  association 
and  building  another  largo  aqueduct  from  Cahaba  River  and,  sec- 
ond, that  of  sinking  deep  wells  at  the  several  plants.  The  first  plan 
involves  cooperation  and  its  results  are  assured.  The  second  plan 
can  be  carried  out  by  individual  firms,  but  it  would  be  an  expensive 
experiment. 

GEOLOGY. 
STRATIGRAPHY. 

The  rocks  underlying  Birmingham  Valley  and  constituting  its  bor- 
ders may  be  grouped  in  the  following  section: 

Section  of  Paleozoic  rocks  in  Binningham  Volley. 


System. 


Carboniferous. 


Devonian 

Silurian 

Ordovieian 

Cambro-Ordovician 

Cambrian 


Formation. 


Massive  very  hard  sandstone,  somewhat  pebbly 

Interbedded  shale  and  sandstorte 

Bangor  limestone 

|**Oxmoor"  sandstone  and  shale 

I  Fort  Payne  chert 

Chattanooga  shale 

Rockwood  (Clinton)  shale,  sandstone,  and  iron  ore. 

Chickamauga  ("Trenton")  limestone 

/Knox  magnesian  limestone  and  chert 

I  Knox  dolomite 

Conasauga  shale  and  limestone 


n  Base  not  exposed. 


Thickness. 


Feet. 

100-    600 

100-2, 200 

0-    400 

300 

300 

20 

£00 

800 


50- 

200- 

0- 

180- 

200- 

2,000-2,700 

500-    600 

al,500 


The  base  of  the  Cambrian  system  is  not  exposed  in  this  area,  and 
the  rocks  above  the  massive  sandstone  may  be  considered  as  belong- 
ing to  the  coal  measures  and  conseciuently  outside  of  the  inm-ore 
district. 
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STRUCTURE    AND    DISTRIBUTION    OF   FORMATIONS. 

A  very  much  generalized  section  beginning  at  the  Cahaba  coal  field 
on  the  southeast  and  passing  northwestward  across  the  valley  at  Bir- 
mingham would  expose  the  rocks  in  the  order  of  the  above  table, 
reading  from  the  top  down,  with  varying  dips  on  the  southeastern 
flank  of  a  nonsymmetrical  anticline  having  the  Conasauga  shale  and 
limestone  on  the  axis  of  the  fold.  A  minor  syncline  follows,  faulted 
down  to  the  southeast,  with  the  Kjiox  formation  held  in  the  basin. 
The  Conasauga  again  appears  to  the  northwest  of  the  Kjiox  syncline, 
and  bordering  the  Conasauga,  on  the  northwest  side  of  the  valley,  is 
an  extensive  overthrust  fault  which  brings  the  Lookout  sandstone 
and  coal  measures  in  contact  with  Cambrian  and  Ordovician  rocks. 
For  a  short  distance  northwest  of  the  fault  the  rocks  show  steep 
reversed  or  southeasterly  dips,  so  that  the  only  northwesterly  dips  dis- 
played in  the  section  are  in  connection  with  the  small  syncline  of  Kjiox 
chert  and  dolomite  within  the  valley. 

Here  and  there  along  the  overthrust  fault  the  throw  has  not  been 
great  enough  to  engulf  the  Silurian  rocks  completely,  and  at  such 
places  the  Rockwood  formation,  dipping  steeply,  is  exposed  in  a  nar- 
row outcrop.  The  presence  of  this  formation  in  places  on  the  north- 
west side  of  the  valley  has  given  to  the  ridge  the  name  West  Red 
Mountain.  In  the  section  outlined  above,  the  Rockwood  sandstone 
forms  the  crest  of  Red  Mountain,  with  the  Fort  Payne  chert  overlying 
it  and  the  Chickamauga  limestone  underlying  it,  making,  respectively, 
the  southeast  and  northwest  slopes  of  the  mountain.  All  the  forma- 
tions may  be  considered  to  extend  longitudinally  throughout  the 
valley,  in  practically  the  relationships  already  indicated.  The  minor 
folding  and  faulting  has  duplicated  the  strata  of  West  Red  Mountain 
in  the  southern  part  of  the  valley,  forming  McAshan  Mountain  and  a 
low  ridge  partly  buried  by  post-Paleozoic  sediments,  south  of  Dudley. 
At  the  northeast  end  of  the  valley  the  extent  of  outcrop  of  the  Rock- 
wood and  associated  strata  is  increased  by  the  synclinal  Blount  Moun- 
tain with  the  outlying  Cedar  Mountains,  and  by  the  synclinal  struc- 
ture north  of  Truss ville. 

Red  ore  occurs  in  practically  all  the  outcrop  areas  of  the  Rockwood 
formation,  but  only  in  Red  Mountain  has  it  been  found  of  sufficient 
thickness  and  purity  to  be  worked  on  an  important  scale.  The  work- 
ability of  the  ore  depends  largely  on  the  attitude  of  the  inclosing 
strata.  The  beds  of  Red  Mountain  dip  southeastward  at  moderate 
angles,  which  are  in  the  main  fairly  constant  for  a  mile  or  more  along 
the  strike  and  for  a  quarter  to  half  a  mile  down  the  dip.  Locally 
there  are  abrupt  '' rolls  ^'  or  changes  in  the  dip  due  to  minor  folds 
parallel  to  the  main  axis,  and  in  some  places  the  ore  has  been  so  faulted 
that  efforts  to  find  it  or  to  exploit  it  further  have  been  suspended. 
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The  questions  of  deepest  importance  to  the  district  are  (1)  whether 
the  present  quality  of  the  ore  will  be  maintained  to  great  depth,  (2) 
whether  the  present  workable  thickness  will  continue  to  whatever 
depth  it  may  be  possible  to  mine  the  ore,  and  (3)  whether  the  structure 
of  the  rocks  underlying  Shades  Valley — below  which  the  ore  beds  nor- 
mally lie — will  be  favorable  for  mining  the  ore.  Certain  facts  have 
been  brought  out  during  this  survey  which  have  a  bearing  on  these 
questions.  These  will  be  noted  and  discussed  in  the  complete  paper, 
but  the  nature  of  the  present  paper  precludes  more  than  a  reference 
to  the  general  conclusions. 

CHARACTER   OF   THE   ORES. 

The  ores  consist  essentially  of  red  hematite,  intimately  mixed  with 
varying  percentages  of  lime  and  silica.  The  hematite  occurs  in  beds 
interstratified  with  shale  and  sandstone,  and  the  strata  mostly  dip  at 
angles  varying  from  10°  to  50°.  In  places,  more  particularly  to  the 
north  of  the  Birmingham  district,  the  Clinton  ore  is  oolitic.  Through- 
out its  extent  some  beds  are  very  fossiliferous,  and  some  of  the  faunas 
found  in  the  Birmingham  district  are  typical  Clinton  forms  of  the 
Nev/  York  section.  Near  Birmingham  the  ore  beds  are  largely  com- 
posed of  fine  to  coarse  silica  pebbles,  coated  and  cemented  with 
ferric  oxide.  According  as  the  ore  is  high  or  low  in  lime  it  is  termed 
''hard^^  or  ''soft''  ore.  The  distinction  between  the  two  varieties  is 
based  on  differences  in  their  chemical  composition  rather  than  on 
differences  in  hardness,  although  the  terms  ''hard''  and  "soft"  as 
originally  applied  to  the  ores  probably  had  reference  to  their  physical 
condition,  since  on  the  outcrop  the  soft  ore  is  in  general  rather  porous 
and  friable.  The  unaltered  ore  is  of  the  hard  variety.  The  soft  ore 
has  resulted  from  the  leaching  by  percolating  waters  of  the  soluble  lime 
carbonate  contained  in  the  hard  ore.  This  alteration  occurs  at  the 
outcrop  of  the  ore  beds  and  down  the  dip  to  varying  distances,  depend- 
ing on  the  thickness  and  permeability  of  the  cover.  Where  the  strata 
dip  at  fairly  high  angles  and  are  underlain  by  impervious  shale,  the 
conditions  are  favorable  for  the  passage  of  water  through  the  beds  to 
considerable  depths.  In  a  few  places  pockets  of  soft  ore,  surrounded 
by  unleached  ore,  are  encountered  at  relatively  long  distances  from  the 
outcrop.  Such  an  occurrence  of  soft  ore  is  usually  due  to  the  presence 
of  fissures  or  brecciated  rock,  through  which  surface  water  has  reached 
the  ore  bed.  Where  the  overlying  cover  is  heavy  at  the  mouth  of  a 
slope  or  tunnel,  the  soft  ore  rarely  extends  more  than  50  feet,  but  here 
and  there  the  ore  has  been  well  leached  to  a  distance  of  400  feet  from 
the  outcrop.  With  the  removal  of  the  lime  carbonate  from  the  orig- 
inal ore  the  relative  percentages  of  the  remaining  less  soluble  constit- 
uents, mainly  iron  oxide  and  silica,  are  increased.     The  following 
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analyses  show  at  the  left  a  typical  hard  ore  and  at  the  right  a  typical 
soft  ore,  with  intermediate  or  semihard  grades  between  them: 

Analyses  of  (Mnton  iron  ores,  showing  gradation  from  hard  to  soft  ore. 


Iron,  metallic  (Fe) 

Silica  (SiOj) 

Alumina  (AljOa)... 

Lime  (CaO) 

Manganese  (Mn) . . 

Sulphur  (S) 

Phosphorus  (P)... 


1. 

2. 

3. 
50.44 

37.00 

iS.?© 

7.14 

12.70 

12.10 

a  81 

4.74 

r..  OC) 

19.20 

8.70 

4.  (if) 

.23 

.19 

.21 

.08 

.08 

.07 

1            .30 

.49 

54.  70 
i:i.70 
5.  fili 
.50 
.23 
.08 
.10 


These  analyses  represent  ore  samples  from  a  single  slope  on  the 
same  horizon  of  the  Big  seam  in  Red  Mountain,  near  Birmingham,  at 
distances  respectively  of  540,  480,  420,  and  240  feet  from  the  mouth 
of  the  slope.  Beyond  the  point  at  which  No.  1  occurs  there  is  no 
great  change  in  the  character  of  the  ore,  for,  as  mined  at  present,  the 
seam  carries  an  average  of  35  per  cent  metallic  iron  in  this  particular 
mine. 

Although  the  soft  ore  carries  a  higher  percentage  of  iron,  the  hard 
ore  has  the  advantage  of  containing  almost  or,  in  places,  quite  enough 
lime  to  flux  the  silica  that  it  contains.  In  case  a  hard  ore  contains 
more  lime  than  is  needed  to  flux  its  silica  soft  ore  or  brown  ore  (limon- 
ite)  may  be  added  to  the  burden  to  take  up  the  excess  of  lime. 

RELATIONS  AND  CHARACTER  OF  THE  ORE  BEDS. 

The  Rockwood  formation,  in  which  the  ores  occur,  is  extremely 
variable  in  thickness  and  in  the  details  of  its  stratigraphy,  although 
the  presence  of  beds  of  hematite  somewhere  within  the  formation  is 
a  remarkably  persistent  feature,  not  only  throughout  the  length  of 
the  Appalachians,  but  in  rocks  of  equivalent  age  in  Wisconsin  and 
New  Brunswick.  In  Alabama  the  formation  is  thickest  at  the  north 
and  there  contains  beds  of  limestone,  which  give  way  to  sandstone 
with  the  thinning  of  the  formation  toward  the  south;  the  proportion 
of  shale  in  the  Rockwood  is  also  greatest  in  the  northern  part  of  the 
State. 

DESCRIPTION   OF   THE   ORE-BEARING   FORMATION. 

BEBS  OK  REB  MOUNTAIN. 

• 

Within  the  district  here  considered  the  Rockwood  formation  shows 
notable  variations  in  composition  from  northeast  to  southwest,  as  is 
indicated  by  the  following  seven  sections  on  Red  Mountain,  beginning 
northeast  of  Birmingham  and  continuing  at  irregular  intervals  for 
about  38  miles  to  the  southwest.  In  each  section  the  observed  thick- 
ness has  been ,  corrected  for  the  dips,  which  range  between  20°  and 
50°,  so.  that  the  computed  thickness  closely  represents  the  actual 
thickness  of  the  beds. 
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1.  Section  of  Rockwood formation  in  NE.  \  sec.  23^  T,  17  S.,  R.  2  W.,  near  Irondale. 

Ft.  in. 
Top  of  formation  unexposed. 

Sandstone,  yellowish,  heavy  bedded 40  0 

Unexposed 11  9 

Sandstone 4  7 

Unexposed  (probably  in  large  part  shale) 19  10 

Sandstone,  green,  flaggy,  with  yellow  shale  partings 25  0 

Iron  ore  (Ida  seam) 5  0 

Shale,  red 2 

Sandstone,  ferruginous,  laminated 1  8 

Ore,  sandy 1  8 

Ore,  lean,  iilled  with  small  quartz  pebbles .  5  0 

Ore,  minable 7  0 

Ore,  fair  quality,  but  not  mined  at  present.  6  0 

Ferruginous  sandstone,   ore,  and  sliale,   in 

layers  1  foot  or  less  thick 20  0 

Sandstone,  very  hard 3  0 

"  Gouge, ' '  calcareous 6 

Iron  ore  (Irondale  seam) 5  6 

Sandstone,  brown,  thin  bedded,  with  shale 20  0 

Unexposed  (probably  shale) 65  0 

Limestone  (Chickamauga). 


Iron  ore  (Big  seum) 
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2.  Generalized  section  of  Rockwood  formation  in  8W.  \  sec,  23 y  T.  17  S.,  R.  2  W.,  just 

south  of  Red  Gap. 

Ft.  in. 

Chert  (Fort  Payne). 

Shale  (may  include  a  few  inches  Devonian) 11  0 

Sandstone,  coarse,  ferruginous 25  0 

Iron  ore,  solid  (Ida  seam) 6  0 

Sandstone,  coarse,  ferruginous 25  0 

Sandstone,  coarse,  pebbly;  partially  a  low-grade  ore 22  0 

Shale 1 

T              /D-        _x /Upper  part,  minable 7  0 

Iron  ore  (Big  8eam){    ^^^     ^     ^ 

ILower  part,  not  yet  mmea 10  0 

Shale 3 

Iron  ore  (Irondale  seam,) 4  4 

Sandstone,  red,  soft 30  0 

Sandstone,  brown 35  0 
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3.  Section  of  Rockwood  formation  on  road  across  Red  Mountain,  in  NW.  }  sec.  6,  T.  18 

/S.,  R.  2  W. 

Ft.  in. 

Chert  (Fort  Payne). 

Sandstone,  heavy  bedded 8  0 

Unexposed 6  8 

Sandstone,  medium  bedded 6  9 

Unexposed 6  8 

Shale 5  5 
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Ft.  in. 

Unexposed 53  0 

Iron  ore,  sandy  (Hickory  Nut  (?)  seam) 3  9 

XFnexposed 7  6 

Sandstone,  coarse,  very  ferruginous,  thin  bed 2  3 

Sandstone,  fine  grained,  very  ferruginous,  thin  bed 3  9 

Sandstone,  coarse,  ferruginous,  with  beds  of  ore  {Ida  seam) 10  3 

Sandstone,  medium  bedded,  coarse 10  6 

Unexposed 6  9 

Shale 7  6 

Unexposed 3  9 

Sandstone,  heavy  bed 2  5 

Iron  ore,  coarsely  siliceous  {Big  seam);  top  10  feet  rainable 16  10 

Sandstone '. 7  8 

Ore 1  0 

Iron  ore  (Irondale  seam)'  Shale 7 

Ore 1  1 

Sandstone 1  0 

Unexposed,  covered  by  shaly  sandstone  debris 50  1 

Sandstone,  massive,  with  shaly  partings 24  1 

Sandstone,  thin  bed 5  7 

Unexposed 4  6 

Sandstone,  thin  bed 5  6 

'  Unexposed 4  6 

Sandstone,  thin  bed 3  7 

Unexposed 7  6 

Sandstone,  thin  bed 3  7 

Unexposed 5  8 

Shale,  sandy 7  6 

Unexposed,  covered  by  red  shaly  sandstone  debris 35  10 

Limestone  (Chickamauga). 

331  0 

4.  Section  of  Rockwood  formation  in  Walker  Gap,  in  NE.  \  sec.  14,  T.  18  S.,  R.  3  W. 

Ft.  in. 
Chert  (Fort  Payne). 

Shale,  clay,  and  sand  (Devonian) 3  10 

Sandstone,  massive. : 16  10 

Sandstone  and  shale 13  7 

Shale,  drab  to  pink,  with  thin  streaks  of  sandstone  (partly  con- 
cealed by  debris) 85  4 

Sandstone  and  shale,  alternating 50  9 

Iron  ore  {Big  seavi),  top  8  to  15  feet  minable 24  0 

Sandstone  and  shale,  with  ore  seams  in  upper  part 13  7 

Debris -.  50  JO 

Shale,   yellow,   red,   and  olive,   with  heavy  vsandstones   inter- 
bedded -  4L  0 

Sandstone,  heavy  bedded 3  5 

Shale,  yellow  and  red 37  4 

Base  not  exposed,  but  within  distance  of  20  feet 20  0 

360  6 


Iron  ore  (Big  8eam)< 
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5.  Section  of  Rockwood  formation  in  Tanyard  Gap,  in  SE.  \  sec.  ^,    T.  19  S.,  R.  4  W. 

Ft.  in. 
(;hert  (Fort  Payne). 

Shale  (Chattanooga),  (less  than  1  f(H)t). 

Sandstone,  thin  bedded 12  2 

Unexposed 10  10 

Sandstone,  dark  red,  heavy  bedded , 8  9 

Unexposed 11  3 

Sandstone,  red,  heavy  bedded 4  8 

Unexposed 7  8 

Sandstone,  red,  medium  bedded 3  10 

Sandstone,  very  ferruginous,  with  caifits  of  Pentamerus  {Hickory 

Nut  ore  seam) 3  0 

Sandstone,  red,  ferruginous,  thin-  bedded 2  4 

Unexposed 16  4 

Sandstone,  heavy  bedded 2  4 

Iron  ore  {Ida  seavi) ;  soft  ore,  minable 3  0 

Sandstone,  heavy  bedded 3  0 

Unexposed 15  4 

Sandstone,  medium  bedded 20  2 

Ore,  minable 11  0 

Shale 2  6 

Ore,  not  minable 4  6 

Shale,    sandy,    with    thin    ore    seams,    not 

minable 3  0 

Sandstone,  thin  bedded 2  4 

Shale 11  3 

Sandstone 1  G 

Shale 2  8 

Unexposed 3  9 

Shale,  sandy 56  0 

Covered  by  shale  debris 12  6 

Limestone  (Chickamauga). 

235  8 

6.  Section  of  upper  part  of  Rockwood  formation  as  shown  by  core  from  diamond  drills 

NE.  \  SW.  i  sec.  11,  T.  19  S.,  R.  4  W. 

Ft.  in. 
Chert,  solidly  stratified  (Fort  Payne). 

Sandstone,  red,  with  coarse  grit 5  8 

Grit,  coarse,  soft,  with  gray  sandstone 5  8 

Limestone,  gray,  hard,  cherty 6  7 

Limestone,  ferruginous 31  0 

Sandstone,  ferruginous 2  7 

Sandstone,  gray,  extremely  hard  in  places 23  G 

Sandstone,  ferruginous 40  7 

Grit,  very  hard,  fine,  with  reddish  sandstone 20  2 

Iron  ore,  limy  {Ida  seam  (?)) 2  7 

Sandstone,  gray 7  11 

Limestone,  "  marbleized " 15  0 

Sandstone,  gray,  hard 1  11 

Limestone,  ferruginous 5  8 

Sandstone,  ferruginous 22  0 
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Ft.    in. 

Ore 14     1 

Sandstone,  gray  . 2    5 

Shale,  ferruginous ....  8 

Ore,  limy 2    5 

Sandstone,  highly  fer- 
ruginous   4    8 

Sandstone,    mottled, 
highly   ferruginous 

and  fossiliferous  ....  1    3 

Calcareous  rock,  gray,  with  sandstone  and  shale  ijiterstratified 30    0 

Bottom  of  formation  probably  within  35  feet. 


Iron  ore  (Big  scam);  top  11  feet  minable  « 
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7.  Section  of  Rockwood  formation  as  shown  by  core  from  diamond  drill  at  Big  Spring,  in 

SE.  i  SE.  i  sec.  34,  T.  21  S.,  R.  6  W. 

Ft.    in. 
Limestone,  decomposed  (Fort  Payne). 

Limestone,  hard. 2    1 

Sandstone,  reddish 35    0 

Limestone  (?),  impure,  with  shale  streak 27    9 

Ferruginous  rock,  red,  mottled 2    3 

*    Limestone  (?),  with  mottled  red  streaks,  and  shale 25    6 

Limestone  ( ?),  gray,  " marbleized  " 1  11 

Limestone  (?),  gray,  "marbleized,''  fossiliferous 8    2 

Limestone  (?),  gray,  "marbleized,"  with  liver-colored  spots 7    6 

Limestone  and  shale  alternating 16    0 

Sandstone,  dark  brown 2    6 

Sandstone,  laminated,  ferruginous 29    0 

Shale,  gray,  sandy 32  10 

Ferruginous  rock,  streaked 26    3 

,      .       fOre,  soft,  no  core 3    9 

Iron  ore  (horizon!  Q     j   i,:  i,i    r         :  ^  ia 

.  rf.           .     ^  Sand,  highly  ferruginous,  no  core 4  10 

of  Big  seam)      [^^^^  ^^^^^  ^j^j^  ^^^-^^  streaks 1  11 

Iron  ore,  fossiliferous 3     7        ^ 

Limestone  (?),  gray,  impure,  streaked  with  flint 48    8 

Sandstone,  red  streaked 5    0 

Limestone,  with  hard  black  flint  (Chickauiauga). 


284     6 


The  foregoing  sections  show,  besides  the  variation  in  details  of  the 
formation,  the  relations  of  the  several  ore  beds.  Four  beds  have  been 
recognized  and  named  by  the  miners.  These  are  all  shown  in  section 
3,  but  in  the  other  sections  one  or  more  of  them  have  not  been  recog- 
nized. The  following  summary  shows  the  salient  features  of  these 
ore  beds,  commencing  with  the  uppermost :  ^ 

DESCRIPTION  OF  THE  ORE  SEAMS. 

Hickory  Nut  seam, — This  seam  comprises  3  to  5  feet  of  sandy  ore 
or  ferruginous  sandstone  characterized  by  a  great  abundance  of 
Pentamerus  oblongus,  fossils  which  resemble  hickory  nuts  incased  in 
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the  partly  open  outer  shucks.  The  ore  is  of  too  low  grade  to  be 
worked  at  present.  The  seam  is  developed  principally  in  the  dis- 
trict between  Birmingham  and  Bessemer,  and  where  recognized  it 
lies  about  12  to  20  feet  above  the  next  lower  seam. 

Ida  seam. — This  seam  consists  of  2  to  6  feet  of  rather  siliceous  ore 
associated  with  14  to  16  feet  of  ferruginous  sandstone.  Ore  at  this 
horizon  is  more  continuous  and  extensive  than  at  the  horizon  of  the 
Hickory  Nut  seam.  It  has  been  recognized  at  many  of  the  workings 
from  Bald  Eagle  Gap  beyond  Clear  Branch  Gap.  Where  worked  the 
seam  is  in  general  from  3  to  5  feet  thick  and  soft  ore  only  has  been 
obtained  from  it  in  surface  workings.  Such  ore  carries  35  to  44  per 
cent  of  metallic  iron,  with  a  corresponding  range  in  silica  of  45  to  32 
per  cent.  The  Ida  seam  occurs  35  to  50  feet  above  the  top  of  the  Big 
seam. 

Big  and  Irondale  seams, — These  two  ore  beds  are  considered  together 
since  they  are  very  closely  associated  in  space.  The  ore,  however,  is 
somewhat  different  in  quality,  and  the  seams  are  so  sharply  separated 
by  thin  sandstone  or  shale  that  they  may  be  mined  independently. 

The  thickness  of  the  Big  seam  is  variously  estimated  at  16  to  40 
feet.  It  extends  as  a  traceable  unit  on  Red  Mountain  practically  the 
whole  length  of  the  mining  district.  Notwithstanding  the  great  thick- 
ness there  are  rarely  more  than  10  to  12  feet  of  good  ore  in  a  single 
bench,  and  at  most-  places  only  7  to  10  feet  are  mined.  Probably 
the  maximum  thickness  is  attained  between  Red  Gap  (near  Iron- 
dale)  and  Bald  Eagle,  although  for  a  mile  southwest  of  Red  Gap 
the  bed  remains  nearly  as  thick.  From  northeast  to  south- 
west the  total  thickness  of  the  ore-bearing  sediments  gradually 
decreases,  without,  however,  altering  greatly  the  thickness  of  the 
workable  portion.  About  the  middle  of  the  district  the  seam  becomes 
sl^)arated  into  two  benches,  either  by  a  well-defined  parting  along  the 
bedding  plane  or  by  a  shale  bed,  thin  at  first,  but  thickening  gradually 
to  the  southwest.  The  middle  of  the  Big  seam  is  the  workable  part 
in  the  northeast  end  of  the  district,  but  the  upper  bench  is  of  most 
importance  throughout  the  rest  of  the  area.  In  the  southwest  por- 
tion of  the  district  the  lower  bench,  which  farther  northeast  is  com- 
posed of  ore  that  will  in  later  years  be  mined,  becomes  a  series  of  thin 
strata  of  lean  ore  and  shale,  and  is  consequently  of  no  possible  value ; 
and  finally  the  upper  bench  itself  becomes  shaly  and  carries  only  a 
very  low-grade  ore. 

The  Irondale  seam  is  best  developed  on  Red  Mountain  between 
Pilot  Knob  on  the  northeast  and  Lone  Pine  Gap  on  the  southwest. 
Southwest  of  Lone  Pine  Gap  the  seam  either  consists  of  interbedded 
low-grade  iron  ore  and  shale  or  else  its  identity  is  completely  lost. 
Its  soft  ore,  now  nearly  all  mined  out  either  by  surface  trenches  or 
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slopes,  is  the  best  in  the  district.  Its  hard  ore  is  also  of  high  grade 
and  hitherto  has  been  for  the  most  part  held  in  reserve,  since  ore  could 
be  produced  from  the  thicker  Big  seam  at  a  lower  cost  per  unit  of  iron. 
The  structure  and  composition  of  the  Big  and  Irondale  seams  is 
shown  in  the  following  series  of  sections,  taken  at  intervals  of  2  to  5 
miles  apart  along  Red  Mountain,  begimiing  in  the  northeast  portion 
of  the  mining  district : 

* 

Character  of  Big  and  Iromlalc  seams  1  viile  iiortheaat  of  Red  (rap,  v^ar  Irondale. 


Strata. 


Sandstone. 
Big  seam : 

Ore,  sandy 

Ore,  lean,  with  fine  quartx  pebbles . . 

Ore,  massive,  cross  bedded,  mine<l . . 

Ore,  similar  in  appearance  to  above, 

but  not  mined  at  present. 
Sandstone,  ferniginous,  lean  ore, 
and  shale. 

Shale 

Sandstone,  very  hard 

*'  Gouge,"  calcareous 

Irondale  seam: 

Ore,  mined 

Shale,  hard. 


Thickness. 

Ft.  in. 

1 
5 

8 
0 

4 

0 

G 

0 

20 

I) 

0-() 
3 

0 
6 

5 

0 

Character. 


Metallic  iron,  16-20  per  cent;  insolulUe,  40±  per 
cent;  lime,  \H±  per  cent. 

Hard  ore,  averages  metallic  iron,  3fi  per  cent;  in- 
soluble, 26  per  cent;  lime.  20  per  cent. 

I'erccntage  of  iron  grades  down  from  STi  at  top  to 
less  than  20  at  bottom;  insoluble  rises  to  more 
than  60  per  cent. 


{Semihard  ore,  averages  metallic  iron,  37  per  cent; 
insoluble,  29  per  cent;  lime  carJ)onate,  lA.2r>  per 
cent. 


Character  of  Big  ami  Irondale  seams  one-half  mile  south  of  Red  Gap. 


strata. 


Sandstone,  coarse,  ferruginous. 
Big  seam  : 

Ore,    conttdning    much    sili(;a    in 
coarse  grains  and  fine  pebbles. 

Shale 

Ore,  mined 

Ore,  not  mined 

Shale,  soft 

Irondale  seam: 

Ore,  mined 


Thickness. 


Ft.  in. 


22    0 

1 

7    0 


Character. 


UpiMxr  half,  soft  ore:  Metallic  iron,  22±  per  cent; 
msoluble,  64±  i)er  cent:  lime,  trace.  Lower 
half,  soft  ore:  Metallic  iron,  32±  j>er  cent;  in- 
8olu?>le,  47:(:  per  cent;  lime,  trace. 

fSoft  ore:  Metallic  iron,  36i  per  cent;  insoluble, 
1    4r)4-  percent;  lime,  trace.    . 
10    0  JSomihardore:  Metallic  iron,  2.54;  percent;  insolu- 
\    ble,  50i:  percent;  lime  carbonate,  8.12  i)er  cent. 

o     U 


4    4 


fSoft  ore:  Metallic  iron,  .W-h  per  cent;  insoluble, 
\    U)±  per  cent;  lime,  trace. 


Bull.  315-  07- 


•10 
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The  two  following  sections,  made  witliin  the  next  5  miles  to  the 
southwest,  show  that  although  the  total  thickness  of  the  iron-bearing 
strata  in  this  direction  grows  gradually  less,  yet  the  thickness  of  work- 
able material  remains  fairly  constant. 

Character  of  Big  arul  Iromlale  seams  near  Lake  View,  Birvnnyham. 


strata. 


Sandstone,  thin  bedded. 
Big  seam : 


Ore,  mined, 


Shale 

Ore,  not  mined. 


Shale 

Irondale  seam: 


Ore.. 
Shale. 
Ore. . 


Thickness. 


Charac'ter. 


Ft.  in. 


10    0  i^ 

I 
8 


Soft  ore:  Metallic  iron,  40i  per  cent;  insoluble, 
39+  per  cent;  lime,  trace.    Hard  ore:  Metallic 

•  iron,  34±  percent;  Insoluble,  26±  percent;  lime, 
20i:  per  cent. 


{Value  decreases  regularly  downward.  Soft  ore: 
Metallic  iron,  15  to  25  per  cent;  insoluble,  50  to 
60  per  cent. 

2    0  I 


2    8 

9 

2    2 


Hard  ore:  Metallic  iron,  38±  per  cent;  insoluble, 
16i^  per  cent:  lime  carbonate,  24±  per  cent- 
Soft  ore*  Metallic  iron,  47 i:  percent;  msoluble, 
26±  per  cent.    Only  hard  ore  mined  at  present- 


Character  of  Big  and  Irondale  seams  near  Lone  Pine  Gap. 


Strata. 


Shale. 
Big  seam: 


Ore,  mined, 


Shale 

Ore,  not  mined. 
Shale 


Irondale  seam: 
Ore,  not  mined, 


Thickness. 


Ft.  in. 


10±  0 


Character. 


1+ 


Hard  ore:  Metallic  iron,  36±  per  cent;  insoluble, 
25±  per  cent,  lime  carbonate,  20±  per  cent. 
Soft  ore:  Metallic  iron,  44i:  percent;  msoluble, 
'Srt±  per  cent.    Semihard  ore  mined  at  pre^^•ent. 


>.      a  !( Deteriorates  in  value  regularly  downward,  top 
\    ore  being  poorer  than  the  ore  mined  above. 


0 


6      0     Low-grade  ore  interbedded  with  shale. 


The  following  section  illustrates  the  complete  deterioration  of  the 
^rondale  seam: 

Character  of  Big  and  Irondale  seams  at  open  cut,  Greenspring  mi7ie,SW.  \  sec.  11,  T.  9  N., 

R.3W. 


strata. 


Sandstone,  coarse,  ferruginous. 
Shale,  yellow. 
Big  seam : 

Ore,    massive,    cross-bedded    and 
jointed;  mined. 

Parting  on  bedding  plane. 
Ore,  rather  a  ferruginous  sandstone 
or  coarse  grit;  mined  in  only  a 
few  i)laces. 

Shale 

Sandstone,  ferruginous  and  shaly 

Shale,  sandy 

Sandstone,  ferrus^nous 


Thickness. 


Ft.  in. 


8    0 


8    0 


2 
1    0 

6 
1    ^ 


Character. 


Soft  ore:  Metallic  iron,  42±  per  cent;  iiisoluble, 
3lr*r  percent;  lime,  2±  percent.  Semihard  ore: 
Metallic  iron,  38±  per  cent;  insoluble,  32±  per 
cent;  lime,  8±  per  cent.  Mostly  semihard  ore 
mined  at  present. 
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Character  of  Big  and  Irondale  seams  at  open  cut,  Greenspring  mine  SW.i  sec,  11,  T.  9,  N,, 

R.  S  W. — Continued. 


Strata. 


Shale 

Sandstone 

Shale 

Ore,  sandy 

Shale 

Ore,  sandy 

Sh  ale 

Irondale  (?)  seam: 

Ore,  very  sandy 

Shale 

Sandstone,  fine  grained,  very  fer- 
ruginous. 

Shale 

Sandstone,  fine  grained,  very  fer- 
ruginous. 

Shale 

Sandstone,  very  ferruginous 

Shale 

Sandstone,  very  ferruginous 

Shale. 


Character. 


Not  ininable. 


At  Graces  Gap  only  the  Big  seam  appears  to  be  present.  It  has  a 
thickness  of  about  22  feet  here,  and  the  upper  bench,  10  to  12  feet  of 
ore,  is  mined.  Four  miles  southwest  of  the  locality  of  the  foregoing 
section  the  ore  presents  the  following  phase: 

Character  of  Big  and  Irondale  seams  at  month  of  slope  No.  12 ,  Tennessee  Coal,  Iron  and 

Railroad  Company,  SE.  \  sec.  20,  T.  18  S.,  R.  3  W. 


Strata. 


Shale  and  sandstone  in  thin  beds. 
Big  seam: 

Ore,  mined 

Shale,  thin  parting. 

Ore,  lean  and  siliceous,  with  a  few 
local  shale  partings. 

Ore,  oolitic  and  fossiliferous,  in 
thin  bands  alternating  with 
streaks  of  calcite  and  shale. 

Ore,  shaly 

Ore ". 

Shale 

Irondale  (?)  seam: 

Ore,  siliceous 

Shale 

Ore,  siliceous 

Shale 

Ore,  very  sandy 

Shale 

Sandstone,  ferruginous 

Shale,  sandy. 


Thickness. 


Ft.  in. 

8-10  0 

9  0 

2  1 


1    3 
4 

8 

6 
1 
8 
3 
1  3 
1 
7 


Character. 


{Hard  ore:  Metallic  iron,  35i:  per  cent:  insoluble, 
18±  percent;  lime,  16±  percent.  Only  hard  ore 
mined  now. 

Not  minable  under  present  conditions. 


•Not  ininable. 


Five  miles  southwest  of  slope  No.  12  is  that  part  of  Red  Mountain 
which  lies  opposite  Bessemer.  Here  the  parting  between  the  upper 
and  lower  benches  of  the  Big  seam  reaches  a  thickness  of  3  feet  in 
places.  The  upper  bench  maintains  its  usual  quality  and  its  thick- 
ness of  10  to  11  feet,  8  to  10  feet  of  which  are  taken  in  mining.  Thin 
streaks  and  lenses  of  shale  begin  to  appear  near  the  top  and  bottom 
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of  this  bench.  The  lower  bench  of  the  Big  seam  has  dwindled  down 
to  4  or  5  feet  in  thickness  and  is  generally  composed  of  alternating 
thin  strata  of  ore  and  shale.  The  Irondale  seam  evidently  has  not 
been  recognized  here.  Three  miles  farther  southwest  the  seams 
show  the  following  section: 

Character  of  Big  and  Irondale  (?)  seams  at  month  of  Potter  slope  No.  /,  Tennessee  Coal, 
Iron  and  Railroad  Company,  SE.  {  sec.  Jl,  T.  19  S.,  R.  4  W. 


Strata. 


Shale. 
Big  seam: 


Ore,  solid,  mined. 


Shale 

Sandstone,  shaly,  ferruginous 

Ore 

•      Shale 

Sandstone  with  shaly  partings 

Shale 

Horizon  of  Irpndale  seam  (?): 

Ore,  sandy,  lean,  with  shale  part- 
ings. 


Thickness. 


Character. 


Ft.  in. 


I 


{Soft  ore:  Metallic  iron,  47±  per  cent;  insoluble, 
24±  per  cent;  lime,  0.80±  per  cent.    Soft  ore 
minea  at  present. 
1    6| 
9 


3 
1 

1     ♦)  : 
3     0 

1    0 


•Lower  Ixmch. 


ORE  BEDS  OK  WEST  RED  MOUirTAIir. 

On  West  Red  Mountain  the  rocks  dip  at  high  angles  and  appear 
not  to  carry  valuable  seams  of  iron  ore  throughout  the  middle  of  the 
district.  At  the  extreme  ends  of  the  district,  however,  the  dips  are 
more  gentle,  and  workable  seams  have  been  discovered,  for  instance, 
at  Compton  and  Dudley.  The  two  following  sections  of  the  Rock- 
wood  formation,  measured  by  Charles  Butts,  show  the  general 
character  of  the  beds  in  the  northeast  half  of  West  Red  Mountain. 
Comparison  of  these  .  sections  with  those  made  on  Red  Mountain 
(pp.  136-139)  indicates  that  the  formation  thickens  to  the  northwest. 
The  measured  thicknesses  have  been  corrected  for  dip,  and  the 
figures  represent  the  computed  actual  thickness  of  the  beds. 

Section  of  Rockwood  formation  on  West  Red  Mountain,  at  Cunningham  Gap,  in  SW.  ^ 

sec.  10,  T.  16  S.,  R.  2  W. 

Ft.    in. 
Chert  debris  (Fort  Payne). 

Sandstone,  highly  ferruginous,  exposed  in  prospect  pit 5  0 

Unexposed 39  0 

Sandstone 7  10 

Unexposed 31  6 

Sandstone 2  0 

Unexposed 15  8 

Sandstone,  in  massive  beds 31  6 

Unexposed 15  0 

Sandstone 4  0 

Unexposed 23  9 
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Ft.  in. 

Sandstone 5  0 

Unexposed 7  10 

Sandstone 1  0 

Unexposed 15  7 

Sandstone : 2  0 

Unexposed 7  9 

Sandstone,  ferruginous  (shown  by  prospect  pit) 2  0 

Unexposed 15  8 

Sandstone 1  0 

Unexposed : . .  7  0 

Sandstone,  thick  bedded 23  8 

Unexposed 31  6 

Sandstone,  thick  bedded 27  8 

Shale : 2  0 

Sandstone,  thin  to  very  thick  beds,  with  shale  partings 102  0 

Sandstone,  thin  bedded 23  8 

Unexposed 47  5 

Sandstone 4  0 

Unexposed. 5  0 

Limestone,  impure  and  ferruginous  (probably    top    of    Chicka- 
mauga). 


507    0 


Section  of  upper  part  of  Rockwood  formation  in  gap  of  West  Red  Mountain^  near  DaUy 

Ala. 

Ft.  in. 
Shale,  black  (Devonian). 

Sandstone,  greenish  predominating,  grayish  and  reddish,  evenly 

bedded,  with  shale  partings,  most  numerous  at  top 110  0 

Shale,  yellowish  green 5  6 

Sandstone,  gray,  thin  bedded 10  (5 

Iron  ore 2  0 

Unexposed 6  0 

Sandstone,  ferruginous,  with  decomposed  ore 6  0 

Iron  ore,  lean,  limy,  fossiliferous 10  0 

Concealed  by  very  red  soil  and  red  sandstone  debris 210  0 

Limestone  (Chickamauga). 


360    0 


Workable  ore  at  Compton  occurs  in  but  one  seam,  which  shows  the 
following  sections : 

Sections  of  ore  seam  at  Compton  mine. 


1. 

2. 

Shale. 
Ore 

• 

Inches. 
13 

Shale. 

Ore 

Shale 

Ore 

Shale. 

Inches. 

17 

1-3 

18 

Shale 

Ore 

1-2 

16 

Shale. 

3. 


1.  Firtt  right  entry,  near  main  slope. 

2.  First  left  entry,  300  feet  from  main  slope. 


Inches. 
Shale,  ferruginous. 

Ore 7 

Shale li 

Ore 29 


3.  Outcrop,  near  top  of  mountain. 
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The  seam  at  Compton  ranges  generally  from  30  to  36  inches  in 
thickness,  with  a  thin  i)arting  of  shale,  irregular  in  position,  as  shown 
in  the  sections.  liOcally  the  entire  seam  is  pinched  down  to  a  very 
few  inches  or  entirely  cut  out  by  downward  bulging  of  the  overlying 
shale,  which  at  such  places  has  a  concretionary  or  concentric  struc- 
ture. Such  structures,  which  result  in  the  local  disappearance  of  the 
ore  bed,  are  erroneously  termed  ''faults''  by  the  miners,  but  there  is 
no  dislocation  of  the  beds  and  the  ore  is  usually  picked  up  again  if 
the  workings  are  driven  on  in  the  same  plane. 

The  extreme  southwestern  part  of  Birmingham  Valley  is  partly 
covered  by  Tuscaloosa  clay  and  Lafayette  loam,  but  in  places  buried 
rock  ridges  have  been  revealed  by  stream  erosion.  Pixtensive  pros- 
pecting by  drill,  test  pits,  and  slopes  has  been  carried  on  within  the 
last  two  years  in  the  region  between  Dudley  and  Big  Sandy  Creek, 
and  the  Rockwood  formation  has  been  shown  to  contain  workable 
beds  of  ore.  All  the  evidence  heretofore  obtained  regarding  the 
somewhat  obscure  geologic  relations  of  this  district  indicates  that 
the  workable  beds  of  ore  are  in  a  strip  of  Rockwood  fonnation  corre- 
sponding with  Mc-\shan  Mountain,  17  miles  to  the  northeast.  In 
other  words,  the  outcrop  of  the  formation  here  has  been  repeated 
by  folding  and  faulting.  In  the  region  south  of  Dudley  the  beds  are 
completely  overturned,  so  that  the  dips  are  to  the  southeast.  This 
locality  is  in  the  Brookwood  quadrangle  and  has  been  more  fully 
discussed  in  a  previous  paper.  ** 

MINING  DEVELOPMENT. 
CHARACTER   AND   EXTENT. 

There  have  been  three  stages  in  the  development  of  the  mines  in 
the  Birmingham  district.  The  first  stage  consists  of  trenching  the 
ore  beds  along  the  outcrop  on  the  crest  or  on  the  northwest  slope  of 
Red  Mountain,  and  of  mining  the  ore  from  open  cuts  on  the  southeast 
slope.  The  ore  obtained  in  this  way  is  mostly  soft.  This  method 
of  mining  has  been  possible  only  where  the  overlying  beds  are  not 
more  than  20  feet  thick  and  can  be  stripped  off  profitably.  Most 
of  the  mines  have  passed  beyond  this  stage,  but  at  the  Helen-Bess 
and  the  Green  Spring  workings  this  very  profitable  type  of  mining 
may  still  be  seen. 

The  second  stage  of  development  combines  the  open  cut  and  incline 
with  underground  work.  A  very  fortunate  relation  between  the  Big 
and  Irondale  seams  and-  the  topography  of  Red  Mountain  exists  in 
many  places,  particularly  in  the  northern  half  of  the  district,  wher- 
ever the  dip  of  the  Rockwood  strata  is  approximately  the  same  as 
the  southeast  slope  of  the  mountain.     This  slope  is  cut  by  narrow 

a  Burchard,  E.  F.,  Iron  ores  in  the  Brookwood  quadrangle,  Alabama:  Bull.  U.  S.  Geol.  Survey  No. 
260,  1905,  pp.  321-334. 
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V-shaped  ravines  at  intervals  of  one-half  to  three-fourths  of  a  mile, 
and  on  both  sides  of  many  of  these  hollows  the  two  seams  are  exposed 
from  the  crest  to  the  foot  of  the  ridge.  Inclined  tramways  are  built 
on  the  flanks  of  the  ravine,  and  when  the  outcropping  ore  has  been 
surface  worked  entries  are  driven  in  on  the  strike  of  the  ore  beds  from 
each  side  of  the  ravine  and  the  ore  is  mined  from  upsets.  A  cable 
tramway  may  be  operated  by  gravity  or  by  power,  depending  on  the 
side  of  the  mountain  on  which  the  ore  is  to  be  delivered.  At  the 
Sloss-ShefField  RufFner  mine  No.  1  the  tracks  of  the  railway  which 
transports  the  ore  to  the  furnaces  are  on  the  southeast  side  of  the 
mountain,  making  it  possible  for  cars  loaded  with  ore  going  down  the 
mountain  to  pull  up  the  empties,  but  at  the  Valley  View  mine  of  the 
Birmingham  Ore  and  Mining  Company  the  ore  is  hauled  up  over  the 
mountain  and  loaded  into  railroad  cars  on  the  opposite  side.  At 
mines  of  this  type  soft,  semihard,  and  hard  ores  are  obtained,  depend- 
ing on  the  thickness  and  character  of  the  cover  of  the  seam. 

The  third  stage  of  mining,  the  one  to  which  the  majority  of  the 
workings  in  the  Birmingham  district  have  now  attained,  involves  sys- 
tematic underground  work  entirely.  The  general  plan  is  very  simple, 
comprising  a  main  or  central  slope,  driven  on  the  dip,  from  which 
right  and  left  entries  are  turned  off  at  regular  intervals  of  60  to  70 
feet.  The  ore,  which  is  mainly  hard,  is  mined  from  the  upper  side  of 
the  entry,  about  30  feet  being  left  between  the  entries  until  robbing 
is  begun.  Mules  haul  the  trams  to  the  mouths  of  the  entries,  whence 
the  ore  is  moved  up  the  slope  by  cable  to  a  tipple,  below  which  it  is 
crushed  and  loaded  directly  into  cars  bound  for  the  furnace.  A  man- 
way  is  usually  provided  at  one  side  of  the  slope  for  safety.  Compara- 
tively little  water  is  encountered  even  in  the  deepest  workings  of  this 
type,  so  that  a  3  to  4  inch  pump  usually  suffices  to  drain  the  mine. 

A  fourth  stage,  which  some  of  the  workings  may  reach  in  the  near 
future,  will  likely  be  shaft  mining  in  the  basin  east  of  Red  Mountain. 
The  working  face  of  the  ore  bed  can  be  reached  more  directly  by  a  ver- 
tical shaft  300  to  500  feet  in  depth  than  by  a  slope  five  or  six  times  that 
length. 

Mining  conditions  at  present  are  doubtless  at  their  most  favorable 
stage.  The  mining  companies  are  making  an  effort  to  utilize  all  the 
labor  available  to  increase  the  output  of  ore.  In  the  summer  of  1906 
there  were  no  less  than  33  mines  actively  producing  red  ore  in  the  dis- 
trict, besides  seven  or  eight  workings  which  have  been  inactive  since 
the  soft  ore  was  exhausted  from  them.  Of  the  33  mines  in  operation 
30  are  on  Red  Mountain,  within  a  distance  of  about  25  miles  between 
Pilot  Knob  on  the  northeast  and  Sparks  Gap  on  the  southwest.  In 
places  in  the  middle  of  the  district  the  underground  workings  are  prac- 
tically continuous  for  3  or  4  miles,  and  the  old  surface  workings  on  the 
outcrop  of  the  ore  may  be  traced  without  break  ioY  \?>  tcv\\^'^  <:^t  \«v<^^^. 
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The  Tennessee  Coal,  Iron  aild  Railroad  Company  operates  14  slopes 
and  1  open  cut,  collectively  known  to  the  iron  trade  as  the  Red  Moun- 
tain group;  the  Republic  Iron  and  Steel  Company  operates  5  slopes; 
the  Sloss-Sheffield  Steel  and  Iron  Company,  2  slopes  and  1  combina- 
tion working;  the  Woodward  Iron  Company,  2  slopes;  the  Alabama 
Consolidated  Coal  and  Iron  Company,  1  slope;  the  Birmingham  Ore 
and  Mining  Company,  1  slope  and  3  combination  workings.  All  these 
companies,  except  the  last  named,  own  their  ore  mines  and  blast  fur- 
naces. The  Birmingham  Ore  and  Mining  Company  leases  its  several 
properties  and  sells  ore  to  the  iron-making  concerns. 

Besides  the  mines  on  Red  Mountain,  just  enumerated,  there  are  on 
West  Red  Mountain,  at  the  extreme  ends  of  the  district,  2  mmes  that 
produce  red  ore.  One  is  at  Compton,  operated  by  the  Birmingham 
Ore  and  Mining  Company,  and  the  other  is  near  Dudley,  operated 
by  W.  P.  Pinckard  &  Co. 

BEARING  OF  DEVELOPMENT  ON  ORE  SUPPLY. 

In  July,  1906,  the  deepest  slope  in  Red  Mountain  was  reported  to 
be  2,100  feet  long.  This  slope  is  about  half  a  mile  north  of  Reeder 
Gap.  Four  other  slopes  have  been  driven  1,800  feet  each,  and  there 
were  six  slopes  between  900  and  1,500  feet  long.  All  the  slopes  900 
feet  or  more  in  length  are  in  the  strip  of  mountain  below  Birmingham. 
The  newer  mines  at  the  extremities  of  the  district  have  slopes  ranging 
between  200  and  500  feet  in  length.  The  2,100-foot  slope  goes  down 
on  beds  whose  average  dip  is  28°,  so  that  its  present  depth  is  about 
650  feet  below  the  level  of  the  valley  at  a  point  directly  above  the  bot- 
tom of  the  slope.  Projected  at  the  same  angle  to  a  point  directly 
below  Little  Shades  Creek  the  slope  would  have  a  length  of  about  5,000 
feet  and  a  depth  below  the  creek  of  1,120  feet.  It  is  not  known 
whether  the  ore  extends  with  an  unchanged  dip  and  thickness  to  this 
depth.  Drill  records  obtained  farther  south  in  Shades  Valley  indicate 
that  the  ore  beds  with  their  associated  strata  flatten  out  and  locally 
rise  toward  the  surface.  The  surface  rocks  in  the  valley  indicate 
irregularities  in  the  structure,  including  faulting,  which  would  natu- 
rally be  shared  by  the  beds  below. 

No  deterioration  in  either  quality  or  thickness  of  the  hard  ore  in  the 
direction  of  dip  has  yet  been  disclosed  by  the  deeper  slopes — an 
encouraging  fact  in  so  far  as  it  can  be  used  as  a  measure  of  the  ore 
ahead  of  shorter  slopes.  At  one  of  the  larger  mines,  centrally  located, 
systematic  analyses  have  been  made  of  the  ore  at  intervals  of  a  few 
feet  from  the  outcrop  to  the  bottom  of  the  slope  and  throughout  the 
extent  of  each  entry  to  the  right  and  left  of  the  slope.  The  composi- 
tion of  the  ore  has  been  found  to  vary  appreciably  from  place  to  place 
and  the  degree  of  variation  is  likely  to  be  as  great  within  a  few  yards 
as  it  is  between  remote  parts  of  the  mine,  but  the  average  run  of  the 
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mine  is  remarkably  regular.  The  facts  brought  out  by  this  series  of 
analyses  show  that  the  content  of  metallic  iron  increases  about  1  per 
cent  for  each  1,000  feet  away  from  the  outcrop,  that  the  lime  (CaO) 
decreases  about  1  per  cent  in  the  same  distance,  and  that  the  silica 
content  slightly  increases. 

Studies  by  members  of  the  Alabama  Geological  Survey  extending 
over  many  years  have  shown  that  the  Rockwood  formation  tends  to 
thin  out  and  become  sandier  toward  the  southeast.  There  is  no  rea- 
son why  this  change  should  not  be  shared  proportionately  by  the  in- 
closed ore  beds,  and  it  is  believed  that  the  drill  records  just  referred 
to  indicate  that  such  is  the  case.  However,  the  complete  drill  records 
available  from  the  valley  east  of  Red  Mountain  are  so  few  that 
reliable  conclusions  can  be  based  on  them  regarding  the  ore  basin 
only  in  the  southern  third  of  the  district.  Ore  can,  perhaps,  be. 
expected  to  underlie  the  valley  southeast  of  Red  Mountain,  probably 
as  far  as  Shades  Mountain.  The  width  of  Shades  Valley  is  a  rough 
indication  of  the  relative  extent  of  the  Red  Mountain  ore  toward  the 
southeast,  and  the  width  of  the  valley  is  sensibly  greater  southwest 
than  it  is  northeast  of  Reeder  Gap. 

^  In  reference  to  the  theories  heretofore  advanced  regarding  the  ori- 
gin of  the  Clinton  ores  it  may  be  stated  that  all  the  new  facts  observed 
in  the  course  of  the  work  in  the  Birmingham  district  are  in  accord- 
€tnce  with  the  hypothesis  that  the  ore  is  the  result  of  original  deposi- 
tion of  ferruginous  sediments.     The  transition,  vertically,  between 
sandstone  and  ore  or  between  shale  and  ore,  is  as  sharp  as  that  be- 
"tween  coal  and  its  inclosing  rocks.     The  variation  in  composition  of 
»n  ore  bed  from  place  to  place  is  not  unlike  the  local  changes  in  com- 
position and  character  of  a  coal  bed.     The  lenslike  form  of  the  beds 
is  common  to  both  coal  and  ore.     Finally,  as  the  lens  thins,  whether 
of  coal  or  of  ore,  it  tends  to  become  shaly  and  siliceous.     That  the  ore 
is  due  to  the  replacement  of  limestone  seems  hardly  possible  when 
it  is  considered  that  instead  of  a  decrease  in  percentage  of  iron  and  an 
increase  in  that  of  lime,  with  depth,  until  the  bed  becomes  a  limestone, 
almost  the  reverse  has  been  noted.     The  lime  in  the  bed  is  evidently 
an  accessory  deposit,  as  is  the  silica.     The  term  '^ depth''  in  this  con- 
nection is  subject  to  misconception,  for  the  sediments  were  deposited 
in  a  horizontal  position,  or  nearly  so,  and  their  present  attitudes  are 
the  result  of  subsequent  foldings.     The  depth  to  which  the  beds  now 
extend  is  therefore  incidental,  and  in  no  wise  affects  their  charac- 
ter beyond  the  soft-ore  limit.     Indeed,  the  best  criterion  for  judg- 
ing the  character  of  the  unexploited  ore  beds  in  the  basin  southeast 
of  Red  Mountain,  is  the  strike  section  of  the  same  beds  that  has  been 
afforded  by  the  mine  workings.     From  northwest  to  southeast  there 
are  likely  to  occur  changes  similar  to  those  that  are  known  to  take 
place  from  northeast  to  southwest.     With  all  these  possibilities  kept 
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in  mind,  the  facts  in  hand  still  permit  a  fairly  close  estimate  of  the 
ore  reserves  in  the  district,  and  it  is  expected  that  such  an  estimate 
will  be  given  in  the  forthcoming  detailed  report.  It  will  suffice  to 
state  here  that  this  estimate  will  show  prol)ably  more  ore  to  be  avail- 
able than  has  heretofore  been  supposed  b}'^  persons  not  familiar  w4th 
the  district. 

Outside  of  the  area  of  present  activity  considerable  prospecting 
has  been  done,  especially  on  the  outcrop  of  the  ore-bearing  beds.  In 
some  places  the  results  have  apparently  been  discouraging,  partly 
because  the  work  has  not  been  thoroughly  done,  and  partly  because 
the  outcrop  of  an  ore  bed  does  not  tell  the  whole  stor^^  Prospecting 
with  a  core  drill  is  expensive,  but  the  information  sought  in  the  case 
of  bedded  iron  ores  is  of  sufficient  importance  to  warrant  considerable 
expenditure.  Certain  localities  may  be  pointed  out  as  apparently 
deserving  further  investigation — for  instance,  Red  Mountain  opposite 
McCalla  station  and  the  basin  beyond,  the  strip  of  the  same  ridge 
from  Pilot  Knob  northeastward  to  the  Jefferson  County  line,  and 
West  Red  Mountain  northeast  of  Mount  Pinson  station. 

PRODUCTION  AND  CONSUMPTION  OF  IRON  ORE. 

Since  1894  Alabama  has  held  third  place  among  the  iron-producing 
States.  In  1905  her  total  production  of  iron  ore  amounted  to  3,782,831 
long  tons,  composed  of  2,974,413  tons  of  red  hematite,  781,561  tor.s 
of  brown  hematite,  and  26,857  tons  of  magnetite." 

The  Birmingham  district  produced  in  1905  2,561,264  tons  of  red 
hematite,  or  86.7  per  cent  of  the  total  tonnage.  The  series  of  mines 
known  as  the  Red  Mountain  group  are  classed  among  the  prominent 
iron-ore  mines  of  the  United  States.  Together,  this  group,  including 
the  Potter  slopes,  formerly  leased  by  the  same  corporation,  produced 
in  1905  1,282,189  long  tons,  or  a  little  over  50  ])er  cent  of  the  total  for 
the  district. 

Practically  all  the  ore  produced  in  the  district  is  smelted  in  the 
vicinity  of  Birmingham.  The  ore  is  handled  by  29  coke  furnaces,  dis- 
tributed as  follows:  In  Birmingham  city  are  eight  furnaces,  four  of 
which  belong  to  the  Sloss-Sheffield  Steel  and  Iron  Company,  two  to 
the  Tennessee  Coal,  Iron  and  Railroad  Company,  one  to  the  Atlanta, 
Birmingham  and  Atlantic  Railroad,  and  one  to  the  Williamson  Iron 
Company;  at  Ensley  there  are  six  stacks  and  at  Bessemer  five  stacks 
of  the  Tennessee  Coal,  Iron  and  Railroad  Company;  at  Thomas, 
three  stacks  of  the  Republic  Iron  and  Steel  Company;  at  Woodward, 
three  stacks  of  the  Woodward  Iron  Company,  and  at  Oxmoor,  two 
stacks  of  the  Tennessee  Coal,  Iron  and  Railroad  Company.  On  the 
outskirts  of  the  district  are  the  furnace  of  the  Southern  Steel  Com- 


aBirkinbine,  John,  Production  of  iron  ores  in  1905:  Mineral   Resources  U.  S.  for  1905,  U.  S.  Gaol. 
Survey,  1906,  p.  56. 
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pany  at  Trussville  and  that  of  the  Central  Iron  and  Coal  Company 
at  Holt,  near  Tuscaloosa. 

In  general,  the  furnaces  run  on  a  burden  of  coke,  red  ore,  brown 
ore,  and  dolomite  or  limestone,  though  certain  of  them  at  times  use 
only  a  self-fluxing  red  ore.  The  ores  of  the  district  contain  too  much 
phosphorus  (see  analysis,  p.  135)  to  be  converted  into  steel  by  the 
Bessemer  process,  but  such  pig  irons  are  being  very  successfully  used 
for  basic  open-hearth  steel  making.  The  open-hearth  process  is 
employed  by  the  Tennessee  Coal,  Iron  and  Railroad  Company  at 
the  Ensley  rail  mill,  which  consists  of  ten  50-ton  basic  Wellman  tilt- 
ing furnaces  and  one  stationary  furnace.  The  entire  output  of  the 
company's  six  coke  furnaces  is  transferred  as  hot  metal  to  the  steel 
mill,  where  it  is  made  into  billets  and  rails.  The  use  of  the  open- 
hearth  process  as  applied  to  southern  ores  has  passed  beyond  the 
experimental  stage.  The  capacity  of  the  Ensley  mill  is  about  to  be 
doubled  and  other  steel  mills  will  doubtless  soon  be  built  in  the  dis- 
trict, so  that  a  local  market  is  rapidly  arising  for  southern  pig. 


THE  BROWN  IRON  ORES  OF  THE  RUSSELLVILLE 

DISTRICT,  ALABAMA. 


By  Ernest  F.  Burchard. 


LOCATION  AND  SURFACE  FEATURES  OF  THE  DISTRICT. 

Russell ville,  Franklin  County,  Ala.,  is  in  the  northwestern  part  of 
the  State,  25  miles  east  of  the  Mississippi  State  line  and  18  miles 
south  of  Tennessee  River  at  Sheffield.  The  Russellville  ore  district 
comprises  an  area  of  about  25  square  miles  within  a  rectangle  having 
dimensions  of  8  miles  from  west  to  east  and  about  3  miles  from  north 
to  south,  Russellville  being  near  the  middle  of  its  northern  edge. 
The  line  of  the  Northern  Alabama  Railroad  from  Sheffield  to  Par- 
rish  passes  north  and  south  through  the  area,  connecting  the  ore 
mines  and  limestone  quarries  near  Russellville  with  the  blast  fur- 
naces at  Sheffield.  The  district  lies  within  the  drainage  basin  of 
Tennessee  Riv^er.  The  northern  part  of  Franklin  County  imme- 
diately surrounding  Russellville  is  a  region  of  comparatively  low 
relief.  Russellville  has  an  altitude  of  about  315  feet  above  Tennessee 
River  and  stands  relatively  high  on  the  south  slope  of  Little  Moun- 
tain, the  divide  between  the  creeks  that  flow  directly  north  into  Ten- 
nessee River  and  those  that  make  a  detour  to  the  west  before  reach- 
ing the  main  stream.  East  of  Russellville,  Payne  and  Mud  creeks, 
small  branches  at  the  headwaters  of  Cedar  Creek,  have  cut  their 
courses  down  100  feet  or  more  below  the  upland  levels,  fragments 
of  which  remain  in  the  form  of  flat-topped  hills  and  ridges  that  show 
a  somewhat  even  sky  line.  South  of  Russellville,  toward  Sand 
Mountain,  the  relief  becomes  much  greater. 

GENERAL  GEOLOGY. 

The  rocks  exposed  from  Tennessee  River  southward  to  and  includ- 
ing the  Russellville  district  are  grouped  as  follows  under  the  forma- 
tion names  employed  by  the  Alabama  Geological  Survey." 

a  McCalley,  Henry,  Report  on  th<»  valley  regions  of  Alabama,  pt.  1,  Alabama  Geol.  Survey,  1896, 
/?p.  147  187. 
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Geologic  formations  of  northwestern  Alabama. 


System. 


Tertiary. 

Cretaceous  (?) 


Formation. 


Lafayette. 


Character. 


ThickncHH. 


Feet. 


Loam  and  grav(il 100 + 

Tuscaloosa  (?) !  Clay Very  thin. 

[Bangor '  Limestone ;  200-|- 

Carboniferous  (Mississippian)     Hartselle '  Sandstone '  350-400 


series. 


Tuscumbia Limestone 


.Lauderdale 


Chert 


125-175 
200+ 


The  rocks  lie  practically  flat  in  some  places  and  in  others  have  been 
thrown  into  broad,  gentle  folds  or  domes,  with  dips  as  great  as  10°. 
Where  any  systematic  structure  has  been  recognized  the  folds  appear 
to  trend  northwest-southeast  and  to  have  the  steeper  dips  on  the 
northeast  limb,  the  prevailing  dips  being  consequently  to  the  south- 
west. The  oldest  rocks  outcrop,  therefore,  at  the  north,  and  toward 
the  south  each  formation  passes  in  turn  below  the  next  younger  in 
the  series. 

The  Lauderdale  chert  shows  only  along  Tennessee  River,  while  the 
Tuscumbia  limestone  floors  the  wide  flood  plain  of  the  stream.  The 
area  of  Hartselle  sandstone  lies  along  Little  Mountain  or  the  divide 
between  the  main  Tennessee  Valley  and  the  Cedar  Creek  drainage, 
and  on  the  summit  of  the  divide  it  is  covered  by  Lafayette  loam. 
South  of  this  divide,  in  the  ore  district,  the  Bangor  limestone,  overlain 
by  Lafayette,  is  exposed  by  the  stream  at  the  headwaters  of  Cedar 
Creek  wherever  they  have  eroded  through  the  Lafayette  materials. 
Only  the  lower  portion  of  the  Bangor  limestone,  is  exposed  about  Rus- 
sellville,  and  here  it  is  thin  bedded,  shaly,  rather  argillaceous,  and  at 
many  places  contains  characteristic  Bangor  fossils.  The  full  thick- 
ness of  the  formation  is  not  represented  near  Russellville.  The  lime- 
stone appears  to  have  undergone  erosion  to  such  an  extent  that  a  very 
uneven  surface  existed  at  the  time  the  Lafayette  sediments  were 
spread  over  it.  The  Tuscaloosa  formation  has  not  been  positively 
recognized  in  the  ore  district,  but  certain  mottled  clays  that  occur 
along  the  Southern  Railway  near  the  Mississippi  State  line  have  been 
referred  to  the  Cretaceous.  The  Lafayette  materials  cover  the  greater 
part  of  the  area  here  considered.  Where  they  overlie  the  Bangor 
limestone  it  is  to  these  two  formations  that  the  greatest  interest  is 
attached,  for  in  such  situations  conditions  seem  to  have  been  favor- 
able to  the  accumulation  of  iron  ore.  The  Lafayette  sediments  prob- 
ably once  mantled  the  whole  area  as  far  east  as  the  Franklin-Lawrence 
county  line,  but  erosion  has  removed  the  material  along  creek  beds  and 
very  steep  hillsides,  so  that  now  the  thickest  and  most  continuous 
deposits  are  found  only  on  the  liighest  parts  of  the  surface. 
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THE   ORE. 

Character,  —The  ore  occurs  in  irregular  masses,  bowlders,  pebbles, 
sand,  and  as  cementing  material  in  beds  of  conglomerate.  Its  color  is 
dark  brown  and  many  fragments  have  a  black,  vamishlike  luster  on 
botryoidal  surfaces  of  masses  that  show  fibrous  structure  within. 
This  ore  has  generally  been  termed  limonite,  but  the  pure  ore  more 
closely  resembles  gothite^in  composition,  as  is  shown  by  the  following 
two  analyses.  It  is  probably  a  mixture  of  gothite  and  limonite,  if  it 
contains  these  minerals  at  all,  in  the  proportion  of  about  7  to  1. 

Analyses  of  dean  brown  ores  from  surface,  1  inilc  east  of  RiissellrUle.*^ 


Ferric  oxide 

Siliceous  matter. 
Alumina 


Manganese  oxide. 

Lime 

Magnesia 


Phosphoric  acid. 

Sulphur 

Combined  water. 
Moisture 


84.696 

83.514 

3.159 

2.864 

.220 

1.411 

.087 

.188 

.440 

.407 

.025 

.045 

.766 

.760 

.054 

.085 

10.444 

11.849 

1.648 

.833 

Total 101.539 

Metallic  iron 59. 287 

Phosphorus ■  .  334 

Specific  gravity i  3. 616 


100.206 

58.450 

.332 

3.800 


o  McCalley,  Henry,  Valley  regions  of  Alabama,  pt.  1,  Alabama  (Jeol.  Survey,  1896,  p.  213. 

If  the  ferric  oxide  and  the  combined  water  of  the  above  analyses  be 
averaged  and  then  estimated  on  the  basis  of  a  pure  ore,  the  result 
gives  a  content  of  88.36  per  cent  of  ferric  oxide  and  11.53  per  cent  of 
water.  The  theoretical  composition  of  limonite,  according  to  Dana, 
is  ferric  oxide  85.6  per  cent,  water  14.4  per  cent;  while  that  of  gothite 
is  ferric  oxide  89.88  per  cent,  water  10.12  per  cent. 

In  the  ore  as  mined  the  silica  and  the  alumina  run  much  higher  than 
in  the  above  samples,  owing  to  the  presence  of  clay  and  of  chert 
gravel  which  washing  may  fail  to  remove.  Analyses  representing 
the  commercial  ores  of  the  district  are  given  below. 

Analyses  ofbroun  ores  from  Russellville,  Ala.,  and  Pinkney,  Tenn. 


Constituent. 

1. 

2. 

3. 

4. 
47.80 

5. 

6. 

7. 

8. 

Iron  (Fe) 

51.00 

11.12 

6.23 

........ 

50.10 

11.80 

().  02 

51.07 

10.  (K) 

5.01 

49.30 

44.29 

46.60 

46.80 

Silica  (SiOs' 

Alumina  ( AlsOs) 

Insoluble 



17.00 

16. 90 

20.58 

16.80 
.45 
.88 

18.00 

Manganese  (Mn) 

.64 
.52 

.61 
.59 

.37 
.(>4 

.30 

Phosphorus  ( P) 

.44 

.95 

1, 2, 3,  Monthly  averages  of  all  ores  from  the  Sloss-Sheffield  mines;  4,  5,  averages  of  5  and  7  cars, 
respectively,  from  mines  of  Sheffield  Coal  and  Iron  Company;  6,  ore  from  Alabama-Virginia  Iron  Ore 
Company;  7,  8,  averages  of  10  and  4  cars,  respectively,  from  Pinkney,  Tenn. 
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Occurrence  and  geologic  relations, — The  irregular  masses  of  ore,  as 
well  as  the  loose  deposits,  are  found  in  pockets  of  varying  richness, 
separated  by  more  or  less  barren  material,  either  directly  upon  the 
Bangor  limestone  or  within  the  overlying  Lafayette  formation.  As 
has  been  stated,  the  surface  of  the  Bangor  limestone  is  irregular^  and 
many  of  the  ore  deposits  seem  to  have  been  segregated  at  places 
where  this  surface  is  most  uneven.  Hollows  or  depressions  in  the 
limestone  appear  to  have  been  favorable  places  either  for  the  pre- 
cipitation of  the  ore  or  for  the  collection  of  ore  debris  that  has  been 
transported  to  the  region  by  wave  or  stream  action. 

According  to  position  the  ore  may  be  divided  into  two  types: 
(A)  masses  that  lie  directly  on  the  Bangor  limestone  or  on  the  clay 
residual  from  the  limestone,  and(B)  loose  ore  that  occurs  liigher  up, 
mixed  with  the  Lafayette  loam.  The  ore  of  type  A  is  the  more 
limited  in  extent,  b.ut  usually  the  richer  of  the  two,  as  it  contains 
gravel  only  in  a  few  cavities  or  cracks  within  the  mass.  In  places 
over  this  ore  and  at  the  base  of  the  loose  loam  and  gravel  of  the 
Lafayette  there  is  a  very  hard,  pebbly  conglomerate  with  siliceous 
iron-oxide  cement.  The  ore  is  medium  to  dark  brown  in  color,  and 
may  be  granular  and  easily  broken  or  may  be  hard  and  composed 
of  large  lumps  cemented  or  welded  together.  Masses  of  ore  com- 
monly cover  or  surround  a  ''clay  horse"  or  ''white  horse,"  which  is 
a  thin  reef  or  pinnacle  of  light-colored  residual  clay  that  grades  into 
the  argillaceous  limestone  below.  The  clay  at  a  few  places  contains 
small  amounts  of  fine-grained  ore  that  may  have  been  compressed 
into  it,  but  care  is  taken  not  to  mine  more  of  it  than  is  necessary, 
•for  when  wet  the  clay  is  extremely  sticky  and  can  not  easily  be 
separated  from  the  ore  in  the  washer.  At  many  places  in  the  hol- 
lows of  the  limestone  between  the  "white  horses"  the  ore  is  found 
in  solid  masses  locally  10  to  15  feet  thick  and  containing  but  little 
foreign  matter.  Many  bowlders  and  masses  of  the  ore  contain  cavi- 
ties that  are  partly  or  completely  filled  with  a  fine-grained  white  to 
yellow  clay  or  powder,  the  condition  of  this  filling  depending  on  the 
quantity  of  moisture  present. 

Most  of  the  ore  of  type  B  consists  of  pebbles  and  lumps,  but  it 
also  occurs  in  fragments  of  all  sizes,  i*anging  from  a  coarse  sand  to 
bowlders  a  foot  thick.  The  Lafayette  loam  in  which  this  ore  occurs 
commonly  contains  pebbles  of  f ossiliferous  chert  and  of  pink  quartz, 
and  these  in  places  enter  into  the  recently  cemented  conglomerate 
that  lies  over  the  ore  of  class  A.  In  certain  places  the  pebbles  of 
ore  have  been  sorted  and  concentrated  by  nature  so  as  to  form  huge 
placer  deposits. 

The  relations  of  the  two  types  of  ore  suggest  that  the  ore  A  was 
accumulated  in  pre-Tjafayette  time,  and  that  the  ore  B  was  derived 
from  it  mechanically  in  fragmentary  form  and  worked  up  into  the 
basal  conglomerate  and  loose  gravel  oi  tlie  Laia^^\.\.^  io^^KiSv!C\QrcL, 


156  CONTRIBUTIONS    TO   EC^ONOMIC    GEOLOGY,  190(),  PART    I. 

ORE  RESERVES. 

Although  a  considerable  area  of  proved  iron-ore  lands  still  await 
development  in  the  Russellville  district,  landowners  and  persons  con- 
cerned in  the  iron  trade  display  an  ever-increasing  interest  in  the 
possible  distribution  of  brown  ores  in  other  parts  of  the  region.  As 
a  general  guide  it  may  be  stated  that  similar  geologic  conditions 
exist  throughout  the  northern  portion  of  Franklin  County  and  the 
southern  and  western  parts  of  Colbert  County,  Ala.,  and  in  the  east- 
em  part  of  Tishomingo  County,  Miss. ;  also  in  parts  of  the  Tennessee 
River  Valley  in  Tennessee  and  Kentucky.  Therefore  many  deposits 
of  brown  ore  that  are  similar  in  character  to  those  at  Russellville 
may  be  revealed  by  prospecting  in  these  localities.  In  Lawrence, 
Lewis,  and  Wayne  counties,  Tenn.,  such  deposits  have  been  discov- 
ered, and  ore  is  being  produced  from  them  at  Iron  City,  West  Point, 
Ferro,  Pinkney,  Riverside,  Allen's  Creek,  and  other  points.  Although 
surface  indications  in  the  Russellville  district  have  usually  led  to  the 
opening  of  good  ore  below,  the  surface  indications  above  some  brown 
ore  deposits,  especially  those  in  the  Woodstock,  Ala.,  area,  rarely 
afford  a  true  index  of  the  extent  or  value  of  the  ores  below.  In 
northwestern  Alabama  and  in  the  Tennessee  Valley  in  general  there 
are  no  doubt  local  segregations  of  ore  many  acres  in  extent  that  do 
not  at  all  appear  at  the  surface.  Small  test  wells  3  to  4  feet  in 
diameter  and  20  to  50  feet  deep  may  be  easily  sunk  in  the  loose 
loam  and  gravel  without  involving  the  expense  entailed  by  drilling, 
and  such  tests  yield  the  information  desired.  The  main  points  to  be 
borne  in  mind  are  that  localities  worth  prospecting  for  these  brown 
ores  must  be  imderlain  by  limestone  beds  wliich  are  surfaced  with 
20  to  100  feet  of  loam  and  gravel. 

INDUSTRIAL  DEVELOPMENTS. 

Methods  ofminiJig  and  concentrating, — All  the  workings  of  the  district 
are  open  cuts.  The  scattered  deposits  of  gravelly  ores  of  type  B  are 
worked  profitably  only  on  a  large  scale,  involving  the  use  of  steam 
shovels  to  mine  the  ore  and  locomotives  to  haul  it  to  the  washers. 
Some  of  the  richer  deposits  will  pay  if  worked  out  by  hand  and  with 
mule  haulage,  provided  the  washer  can  be  built  near  by.  The  ore  is 
all  concentrated  by  means  of  log  washers.  The  ratio  in  cubic  yards 
of  dirt  to  tons  of  ore  washed  varies  from  about  3  to  1  in  the  richer 
deposits  to  12  to  1  in  the  poorer  deposits.  The  washers  automatically 
remove  most  of  the  clay  from  the  ore  and  all  the  gravel  that  will  pass 
a  12-mesh  screen;  but  the  results  are  not  thoroughly  satisfactory, 
because  the  washers  fail  to  separate  the  ore  from  the  coarser  gravel 
and  permit  the  loss  of  great  quantities  of  ore  that  is  finer  than  12-mesh. 
The  larger  pebbles  of  gravel  are  removed  by  hand  as  the  ore  passes 
aiong  a  belt  toward  the  storage  bin.     Water  for  washing  is  obtained 
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from  ponds  or  reservoirs  that  are  supplied  by  the  small  creeks  of  the 
district.  After  being  pumped  to  the  washers  the  residue  runs  into 
settling  ponds,  which  eventually  yield  part  of  the  water  for  use  again. 
Rough  estimates  indicate  that  from  2,000  to  2,500  gallons  of  water  are 
used  for  each  ton  of  ore  washed,  but  as  a  general  rule  much  more  ore — 
perhaps  twice  as  much — might  be  washed  with  the  same  quantity  of 
water,  since  during  the  operation  ore  is  delivered  irregularly,  and 
often  no  ore  whatever  is  on  the  screen,  while  the  water  must  of 
necessity  be  pumped  constantly. 

Operators. — Three  companies — the  Sloss-Sheffield  Steel  and  Iron 
Company,  the  Sheffield  Coal  and  Iron  Company,  and  the  Alabama- 
Virginia  Iron  Ore  Company — are  at  present  mining  in  the  Russellville 
district.  The  first  two  companies  mine  ore  for  smelting  in  their  own 
furnaces;  the  latter  company  mines  ore  for  sale  only. 

The  workings  of  the  Sloss  Company  are  southeast  of  Russellville  and 
cover  the  greater  part  of  sees.  27,  28,  29,  31,  32,  33,  and  34,  T.  6  S., 
R.  11  W.  Four  washers  handle  the  output  of  ore,  which  ranges  from 
700  to  900  tons  a  day,  all  taken  by  the  company's  furnaces  at  Shef- 
field. The  ore  is  all  mined  from  open  cuts.  At  the  first  workings 
east  of  the  town  the  ore  is  mined  by  steam  shovel  and  hauled  by  a 
"dinkey''  to  washer  No.  1.  The  ore  from  these  cuts  is  entirely  of 
type  B.  It  lies  along  an  old  ridge  of  limestone,  the  strata  of  which 
have  been  exposed  in  places  by  stripping  the  ore-bearing  loam.  This 
loam  varies  in  depth  from  a  few  inches  to  30  feet,  and  10  to  11  cubic 
yards  of  it  yield  1  ton  of  washed  ore.  The  ore  worked  near  washer 
No.  4  is  of  type  A.  It  is  massive  and  occurs  in  association  .with  white 
to  greenish  residual  clays,  which  overlie  the  Bangor  limestone. 
Pots  of  ore  12  to  15  feet  deep  and  "horses"  of  limestone  and  clay  are 
mingled  together,  but  above  the  general  level  of  the  highest  clay 
"horses"  a  rich  deposit  of  ore  extends  10  to  20  feet  higher,  and  this  is 
overlain  by  an  equal  thickness  of  pebbly  conglomerate  and  barren 
loam.  The  material  worked  here  yields  1  ton  of  ore  for  each  3i  cubic 
yards  of  dirt,  and  the  entire  output  of  the  property  washed  6  to  1  in 
the  summer  of  1906. 

The  mines  of  the  Sheffield  Coal  and  Iron  Company  lie  southwest  of 
Russellville,  mainly  in  sec.  36,  T.  6  S.,  R.  12  W.,  and  sec.  1,  T.  7  S., 
R.  12  W.  In  August,  1906,  one  washer  was  in  operation,  cleaning  up 
about  250  tons  of  ore  daily,  which  was  supplied  from  a  large  open  cut 
two-thirds  of  a  mile  to  the  southeast.  Two  steam  shovels  load  the 
dirt  into  cars  singly  and  in  trains.  The  ore  is  rather  fine  grained, 
especially  in  the  upper  beds,  which  are  of  loam,  and  it  appears  to 
belong  to  type  B,  although  richer  than  most  deposits  of  that  kinfl. 
The  deposit  ranges  from  12  to  25  feet  in  thickness  and  is  underlain  by 
flat-lying  limestone  ledges,  which  are  usually  covered  by  a  few  inches 
of  residual  clay.     In  the  SW.  \  SW.  \  sec.  35,  T.  6  S.,  R,  12  W.,  are  the. 
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old  Parrish  mines,  now  being  reopened  by  the  Sheffield  Coal  and  Iron 
Company.  The  ore  here  is  strictly  of  a  placer  type,  but  the  under- 
lying limestone  and  residual  clay  have  been  exposed  in  the  old  work- 
ings.    This  company  smelts  its  oa\ti  ore  at  Sheffield. 

The  third  system  of  mines  active  in  1906  is  operated  by  the  Alabama- 
Virginia  Iron  Ore  Company  in  the  SW.  \  sec.  3  and  the  NW.  J  sec.  10, 
T.  7  S.,  R.  12  W.  The  ore  at  this  point  is  gravelly  and  belongs  to  type 
B.  It  occurs  in  high  banks  having  at  their  bases  irregular  masses  of 
weathered  limestone  and  residual  clay.  Clay  lenses  and  pockets  are 
mixed  with  the  ore.  The  ore  is  loose  enough  to  be  broken  down  with 
a  pick,  and  at  some  places  a  face  of  ore  may  be  worked  doA^Ti  by 
gravity  directly  into  tram  cars.  One  washer  is  employed  here,  clean- 
ing up  400  to  500  tons  of  ore  a  week,  most  of  which  is  shipped  to  the 
two  furnaces  at  Chattanooga.  It  is  understood  that  this  ore — the 
only  product  of  the  district  that  is  sold  on  the  market— commanded 
in  the  summer  of  1906  $1.40  per  ton  at  the  mines,  the  rejecting  point 
being  a  minimum  of  44  per  cent  metallic  iron. 

Fluxing  material. — The  Bangor  beds  in  this  district  contain  an 
abundance  of  good  limestone  suitable  for  smelting  purposes.  The 
Sheffield  Coal  and  Iron  Company  operates  a  quarry  and  crusher  near 
the  ore  washer  in  sec.  36  The  stone  is  taken  from  that  horizon  of 
the  Bangor  limestone  which  commonly  underlies  the  ore  deposits  and 
comprises  oolitic  and  fossiliferous  strata.  The  composition  of  the 
rock  as  used  in  the  furnaces  at  Sheffield  is  shown  in  the  table  below 
(column  I).  Limestone  for  the  Sheffield  furnaces  is  also  obtained 
from  the  extensive  Fossick  quarries  in  the  W.  h  sec.  10,  T,  7  S.,  R.  12 
W.,  2 J  miles  west  of  Darlington.  Here  the  rock  is  a  uniformly  fine- 
grained, white,  oolitic  limestone  about  27  feet  thick.  It  lies  prac- 
tically flat  in  thick  beds  and  is  underlain  and  overlain  by  cherty 
strata.  This  limestone  is  also  quarried  largely  for  building  and 
monumental  purposes,  blocks  weighing  25  tons  or  more  having  been 
cut  out  by  means  of  channeling  machines.  From  10  to  12  cars  a 
day  of  fluxing  stone  and  3  to  4  cars  a  week  of  sawed  stone  are  shipped 
from  this  place. 

An  analysis  of  the  Fossick  quarry  rock,  made  at  the  United  States 
Arsenal,  Watertown,  Mass.,"*  is  shown  below  in  column  II. 

Analyses  of  Bangor  jluximj  stone. 


Constitiioiit.  '       T.       '      II. 


Silica  (SiOa) 2  .50 

Alumina  ( AI2O3) \       1   at^  1  4A 

Fetric  oxide  (FejOa) .  - J                ■  ^' 

Lime  (CaO) 54  54. 20 

Magnesia  (MgO) : 1. 23 

Carbon  dioxide  (CO2) 42. 61 
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oMcCalley,  Henry,  Report  on  the  valley  regions  of  Alabama,  Alabama  Geol.  Survey,  1896,  p.  197. 


BROWN    IRON    ORES    OF    RUSSELLVILLE    DISTRICT,  ALA.  159 

Besides  these  quarries  a  new  opening  and  crusher  have  been  estab- 
lished by  the  Alabama-Tennessee  Stone  Company  about  1,000  feet 
east  of  the  railroad  station  at  Darlington.  The  beds  exposed  here 
are  nearly  flat-lying  oolitic  limestone,  and  the  product,  250  to  300 
tons  a  day,  is  shipped  to  the  Sloss-Sheffield  Steel  and  Iron  Company's 
furnaces  at  Shefiield. 

Production  of  hrown  ore, — As  a  producer  of  brown  ore  Alabama 
ranks  first  among  the  iron-ore  producing  States.  In  1905  there  were 
781,561  long  tons  of  brown  ore  mined  in  Alabama,  and  of  this  the 
Russellville  district  produced  279,373  long  tons,  or  over  36  per  cent. 
While  some  of  the  Russellville  ore  is  smelted  at  Chattanooga,  prob- 
ably an  equivalent  quantity  from  the  Iron  City-Pinkney  district  of 
Tennessee  is  shipped  to  Sheffield,  so  that  the  production  at  Russell- 
ville fairly  represents  the  tonnage  of  brown  ore  locally  smelted. 

Iron  making. — It  is  a  matter  of  historical  interest  that  probably 
the  first  furnace  erected  in  Alabama  was  built  in  1818  on  the  north 
bank  of  Cedar  Creek  in  sec.  10,  T.  7  S.,  R.  12  W.,  a  short  distance  east 
of  the  present  Alabama- Virginia  Company's  workings.  Surface  ore 
was  fed  to  this  primitive  charcoal  furnace  and  was  made  into  cast  and 
malleable  iron.  The  furnace  seems  to  have  been  abandoned  about 
1827.  Sixty  years  later,  iron  making  was  revived  in  this  region,  but 
in  a  better  location  in  respect  to  water  supply  and  transporation 
routes.  In  1887,  or  shortly  afterwards,  the  three  stacks  of  the  Shef- 
field Coal  and  Iron  Company  and  the  two  now  controlled  by  the 
Sloss-Sheffield  Steel  and  Iron  Company  were  built  at  Sheffield,  and 
one  furnace,  inactive  in  1906,  also  controlled  by  the  latter  company, 
was  erected  at  Florence,  across  the  river.  All  these  furnaces  use  coke 
for  fuel. 

The  six  furnaces  mentioned  above  produce  mainly  a  foundry  pig 
iron  that  is  rather  high  in  phosphorus,  but  also  some  mill  pig  iron. 
The  practice  is  to  run  either  entirely  on  local  brown  ore  and  lime- 
stone, or,  if  the  silica  is  too  high — above  18  per  cent,  for  instance — the 
burden  is  usually  composed  of  three-fourths  local  brown  ore  and  one- 
fourth  Birmingham  hard  red  ore,  with  the  requisite  amount  of  limestone. 
This  combination  reduces  the  phosphorus  content  of  the  pig  iron,  and 
it  is  found  that  the  Russellville  ores  produce  a  pig  with  an  appreciably 
lower  content  of  phosphorus  than  that  introduced  by  the  southern 
Tennessee  ores  (compare  analyses  on  p.  154).  The  Tennessee  ore, 
however,  carries  a  slightly  lower  and  more  uniform  content  of  man- 
ganese than  the  Russellville  ore. 

As  has  been  noted  heretofore,  the  Sheffield  furnaces  must  freight 
their  brown  ore  and  limestone  18  to  20  miles  and  are  still  less  favor- 
ably situated  in  relation  to  red  ore  and  fuel  supply,  since  they  obtain 
their  red  ore  from  Birmingham  and  the  coke  consumed  comes  largely 
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from  the  Warrior  coal  field  or  from  points  in  Tennessee.  Tliese  dis- 
advantages are  partly  offset,  however,  by  the  fact  that  the  district  is 
closer  to  the  Mississippi  Valley  markets  than  are  Birmingham  and 
Chattanooga,  and  also  because  there  is  a  market  for  a  portion  of  the 
pig  iron  among  local  manufacturers.  One  important  enterprise  that 
might  be  cited  in  this  connection  is  the  Sheffield  rolling  mill,  which 
consists  of  12  double  puddling  furnaces,  6  heating  furnaces,  and  4 
trains  of  rolls,  and  has  an  annual  capacity  of  30,000  tons,  including 
such  products  as  bars,  rods,  and  cotton  ties. 


THE  GRAY  IRON  ORES  OF  TALLADEGA 

COUNTY,  ALA. 


T5y  Philip  S.  Smith. 


TOPOGRAPHY  AND  GEOLOGY. 

The  gray  iron  ores  of  Alabama  occur  in  a  narrow  belt  that  is  con- 
fined almost  entirely  to  Talladega  County.  The  most  northern 
occurrence  of  gray  ore  is  in  the  range  known  as  the  Talladega  Hills. 
It  extends  in  a  general  northeast-southwest  direction,  which  changes 
to  a  more  nearly  north-south  course  in  Alpine  Mountain.  South  of 
Alpine  Mountain  there  is  a  break  of  several  miles  in  which  faults  occur, 
so  that  the  iron-bearing  members  are  too  deeply  buried  for  profitable 
mining  under  present  conditions.  About  4  miles  south  of  the  south- 
em  end  of  Alpine  Mountain  the  iron  members  again  appear  at  the  sur- 
face in  the  eastern  ridge  of  the  Weewoka  Hills,  the  highest  point  of 
which  is  called  Heacock  Mountain.  The  general  direction  of  this  range 
is  northeast-southwest. 

South  of  the  Weewoka  Hills  the  range  is  formed  by  Andeluvia 
Mountain,  an  unsymmetrical  isolated  peak  with  two  spurs,  one  point- 
ing to  the  northeast  and  one  to  the  northwest.  Along  the  southwest 
face  of  this  mountain  the  range  is  abruptly  terminated  by  a  fault,  so 
that  its  connection  with  the  southern  continuation  of  the  ridge  is 
somewhat  obscured. 

South  of  this  gap  the  iron-bearing  ridge  continues  for  2  or  3  miles 
with  a  nearly  north-south  strike.  This  portion  is  cut  across  by 
Emauhee  and  Tallaseehatchee  creeks.  South  of  Tallaseehatchee 
Creek  the  course  of  the  range  abruptly  changes  from  north-south  to 
W.  20°  S.  and  continues  thus  for  about  4  miles  to  Oden  Gap.  At 
this  point  the  range  is  cut  through  by  a  small  northward-flowing  creek 
known  as  Shirtee  Creek.  From  Oden  Gap  to  Fulton  Gap  the  range 
extends  for  about  2  miles  in  a  nearly  east-west  direction.  It  then 
continues  with  a  more  northwest-southeast  direction  for  4  miles  and 
forms  a  high  ridge  known  as  the  Kahatchee  Hills. 

As  far  as  Fulton  Gap  the  range  is  rather  narrow,  at  few  places  over 
a  mile  in  width,  but  is  well  defined  and  has  a  single  crest.     Beyond, 
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in  the  region  of  the  Kahatchee  Hills,  although  the  highest  portion  still 
persists  as  a  single  ridge,  there  are  a  number  of  smaller  subsidiary' 
ridges,  showing  great  variations  in  direction,  which  are  formed  of  the 
same  strata  as  the  main  ridge.  At  the  north  end  of  the  Kahatchee 
Hills,  beyond  the  highest  point,  locally  called  Flagpole  Mountain  or 
Crumplers  Peak,  there  is  a  cross  ridge,  with  a  nearly  northeast-south- 
west trend,  which  is  separated  from  the  main  ridge  by  a  fault.  This 
cross  range  extends  within  a  mile  of  Childersburg.  The  western  exten- 
sion of  the  broken  country  of  the  Kahatchee  Hills  is  rather  abrupth' 
terminated  by  a  valley  occupied  by  Kahatchee  Creek  and  a  creek 
flowing  southward,  from  near  Achates,  joining  Cedar  Creek  near  Fay- 
etteville.  Through  this  valley,  which  is  a  half  mile  to  a  mile  wide, 
runs  the  road  from  Fayetteville  to  Childersburg. 

Two  miles  east  of  the  junction  of  Have  Spring  Branch  and  the 
Coosa,  or  about  4  miles  N.  60°  W.  of  F'ayetteville,  another  range, 
known  as  the  Katala  Hills,  extends  for  2  miles  in  a  northerly  direction. 
This  range  then  turns  abruptly  to  the  east  and  then  to  the  south  and 
extends  southward  along  the  west  side  of  the  valley  through  which  the 
Fayetteville-Childersburg  road  runs.  About  a  mile  west  of  Fayette- 
ville this  range  is  cut  across  by  Cedar  Creek.  The  Katala  Hills  are 
rather  low,  with  few  elevations  more  than  500  feet  above  the  master 
stream  of  the  region. 

South  of  the  gap  in  the  range,  through  which  Cedar  Creek  passes, 
the  ridge  becomes  more  disconnected,  and  although  it  may  still  be 
traced  by  small  knobs,  it  is  at  some  places  only  a  hundred  feet  above 
the  surrounding  count^J^  These  low  sags  across  the  range  are  trav- 
ersed by  railroads  and  roads.  Thus  the  line  from  Sylacauga  to  Talla- 
dega Springs  and  Shelby  crosses  the  ridge  at  a  point  about  three- 
fourths  of  a  mile  southwest  of  Fayetteville. 

South  of  the  railroad  pass  the  range  increases  in  height  and  in  con- 
tinuity. The  northern  part  of  this  southern  extension,  called  Chalyb- 
eate Mountain,  rises  about  500  feet  above  the  surrounding  country. 
South  of  Chalybeate  Mountain,  prolonging  the  general  southerly 
trend,  is  Sulphur  Spring  Mountain,  which  is  cut  through  by  Pecker- 
wood  Creek  at  Looney  Mill.  South  of  Looney  Mill  the  range  extends 
in  a  more  southwesterly  direction,  decreases  considerably  in  height, 
and  becomes  more  broken.  About  3  miles  soitth  of  the  mill  the  range 
is  terminated  by  a  great  east-west  thrust  fault. 

Near  Columbiana,  in  Shelby  County,  west  of  Talladega  County, 
there  is  another  field  in  which  iron  occurs  in  the  same  relation  to  the 
surrounding  rocks  as  in  the  range  already  described.  The  iron,  how- 
ever, is  not  of  exactly  the  same  character  as  that  in  the  rest  of  the 
field,  being  more  like  the  red  ores  of  Alabama.  The  range  at  this 
place  consists  of  two  ridges,  which  coalesce  toward  the  north  and 
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south  forming  an  elongated  ringlike  mountain  known  as  Columbiana 
Mountain.  Beeswax  Creek  cuts  entirely  across  this  mountain  in  its 
northwest  and  southeast  limbs.  The  longer  axis  of  the  ellipse  is 
northeast-southwest. 

Throughout  its  entire  extent  the  range  is  tree-covered,  and  on  its 
gentle  lower  slopes  small,  rather  poor  farms  are  located.  In  its  upper 
portions,  however,  the  slopes  are  steep  and  are  covered  with  heavy 
float  of  coarse  conglomeratic  sandstone.  The  summit  of  the  ridge  is 
almost  everyivhere  formed  of  coarse  sandstone  that  breaks  into 
angular  fragments,  many  of  them  of  large  size.  The  lowland  on 
either  side  of  the  range  has  been  eroded  on  soft  rocks,  generally 
limestones  or  limy  shales.  The  limestones  have  at  many  places  a 
very  different  trend  from  the  ridge-making  rocks,  so  that  the  contact 
between  these  two  is  generally  a  fault. 

The  fact  that  the  ridges  stand  up  above  the  surrounding  country  is 
due  chiefly  to  the  protection  that  has  been  afforded  the  weaker  under- 
lying rocks  by  the  strong,  massive  quartzitic  sandstones  that  form  the 
crests  of  the  ridges.  In  the  geological  past  it  is  presumable  that  this 
whole  region  was  a  mountain-built  area.  By  long-continued  erosion, 
however,  a  nearly  continuous  plain,  practically  at  sea  level,  was 
formed  on  the  hard  and  soft  rocks  of  which  the  mountains  were  made. 
Later  this  plain  was  uplifted  and  the  rivers  again  began  their  work  of 
erosion  because  of  the  increased  slope  and  velocity  given  them  by  the 
uplift.  In  this  renewed  activity  it  is  evident  that  areas  of  weak  rocks, 
such  as  limestones  and  shales,  would  be  cut  down  and  opened  out  into 
larger  valleys  than  areas  of  harder  rocks,  such  as  the  sandstones.  The 
ridges  therefore  do  not  owe  their  height  to  ''outbursts'^  and  ''upheav- 
als," by  which  they  were  elevated  higher  than  the  rest  of  the  country, 
but  rather  to  more  orderly,  systematic  processes  of  erosion,  such  as 
are  even  now  going  on,  and  constantly  tending  to  wear  away  the  softer 
rocks  faster  than  the  harder  ones. 

In  general  the  structure  of  the  ridge  appears  to  be  practically  tlie 
same  throughout  the  entire  region.  The  typical  structure  may  be 
well  exemplified  by  a  section  near  Oden  Gap.  Starting  with  the  dolo- 
mitic  limestone  of  the  broad  valley  through  which  the  Central  of  Geor- 
gia Railroad  runs,  the  rocks  have  a  slight  southerly  dip.  As  one 
approaches  the  ridge  the  dolomite  abruptly  gives  place  to  greenish 
chloritic  slates  and  schists,  which  also  have  a  southerly  dip,  at  a  much 
higher  angle  than  the  dolomite.  Higher  up  the  hill  and  generally 
nearly  at  the  top  of  the  ridge,  there  is  a  heavy  quartzitic  conglomeratic 
sandstone  with  a  southerly  dip  of  greater  inclination  than  the  slope  of 
the  ridge.  South  of  the  summit  the  slope  of  the  surface  is  not  so  steep 
as  that  of  the  north  side.  Here  there  is  a  series  of  slates,  schists,  and 
metamorphic  sandstones,  with   occasional  seams  of  iron  ore.     This 
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series  seems  to  consist  of  essentially  the  £ame  members  as  those  that 
are  found  in  the  float  on  the  north  slope.  Still  farther  south  th^  slopes 
become  gentler. 

In  some  places  the  schistose  series  is  succ^^ded  by  thinly  laminated 
slightly  metamorphosed  light-colored  shales  with  thinly  banded  lime- 
stones. In  other  places  the  shales  and  thin-banded  limestones  are 
missing  and  instead  rather  massive  dolomitic  limestones  with  occa- 
sional cherty  beds  are  found.  As  the  dips  are  all  in  the  same  direc- 
tion the  structure  of  the  ridge  would  seem  to  be  monoclinal,  but  this 
interpretation  is  not  permissible,  for  the  dolomitic  limestones  on  both 
flanks  are  of  the  same  age. 

Further  facts  concerning  the  structure  of  the  ridge  are  afforded  in 
the  deep  cuts  or  sections  across  the  ridge.  These  are  formed  where 
streams  cut  across  or  where  low  sags  occur  which  have  previously 
been  worn  by  streams  that  are  now  diverted,  by  capture,  from  their 
former  courses.  A  nearly  continuous  rock  section  several  hundred 
feet  below  the  summit,  traversing  the  entire  ridge,  is  afforded  by  the 
railroad  cut  which  follows  Shirtee  Creek  through  Oden  Gap.  At  the 
extreme  north  end  of  this  section  there  is  a  dolomitic  limestone  which 
shows  a  nearly  horizontal  dip  with  a  little  anticlinal  fold  at  the  south 
end.  The  limestone  abruptly  terminates  against  a  series  of  meta- 
morphic  schists  that  have  a  greenish  color  and  wavy  cleavage.  In 
the  midst  of  these  schists  are  bands  of  quartzite — very  hard,  close- 
textured  beds,  varying  from  1  to  3  feet  in  thickness,  not  at  all  like  the 
heavy  quartzitic  conglomeratic  sandstone  on  top  of  the  ridge.  The 
first  quartzite  found  in  the  section  is  folded  into  a  syncline,  the  bowl 
of  which  is  well  exposed.  This  quartzite  is  much  metamorphosed 
and  shows  the  development  of  secondary  chlorite  along  the  planes  of 
shearing.  South  of  the  quartzite  and  relatively  below  it  are  more 
schists,  similar  to  those  previously  described.  These  schists  are 
folded  into  an  anticline  and  then  succeeded  by  another  bed  of  quartz- 
ite. Above  the  quartzite  lies  a  series  of  schists,  the  same  as  the  others, 
with  interbedded  iron  ores  which  generally  occur  rather  near  the 
quartzite  horizons.  The  dip  of  the  schists  is  variable,  but  the  litho- 
logical  character  is  nearly  constant. 

MINES  AND  PROSPECTS. 

Although  the  occurrence  of  gray  ore  in  Talladega  County  has  long 
been  known,  having  been  reported  by  Tuomey  in  1858,  not  much 
attention  has  been  paid  to  this  source  of  iron.  At  the  present  time 
only  one  company,  the  Gray  Ore  Iron  Company,  is  in  active  opera- 
tion in  the  district.  The  Gray  Ore  Iron  Company  owns  approximately 
3  miles  along  the  strike  of  the  formation,  but  has  begun  operations  at 
only  two  points,  namely,  at  the  Emauhee  mine  on  Emauhee  Creek, 
and  at  the  Mesaba  or  Tallaseehatchee  mine,  on  Tallaseehatchee  Creek. 
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Within  the  limits  of  this  property  the  range  changes  from  a  general 
north-south  to  an  east- west  trend.  As  the  strata  show  the  same 
change  in  strike,  the  same  geological  horizons  still  continue  from  the 
most  northern  to  the  most  western  part  of  the  property. 

The  Mesaba  mine  is  the  only  active  mine  in  the  district.  It  is 
located  on  the  range  where  it  is  cut  through  by  Tallaseehatchee  Creek 
in  sec.  10,  T.  21  S.,  R.  4  E.  The  mine  is  connected  with  the  main  line 
of  the  Louisville  and  Nashville  Railroad  by  a  spur  track  one-half  a 
mile  long,  which  runs  from  Mesaba  to  the  mine.  The  creek  affords 
sufficient  water  throughout  the  year  for  the  demands  of  mining. 

At  present  the  ore  is  won  mainly  by  open-cut  work,  although  the 
time  is  not  far  distant  when  deeper  work  will  be  necessary.  The  ore 
is  trammed  from  the  pits  on  the  different  levels  to  gravity  inchnes 
ivhere  cars  are  lowered  to  the  weighing  shed,  run  to  the  crusher, 
crushed  to  4  inches,  and  without  handling  dumped  into  the  ore  cars 
on  the  railroad.  The  ore  is  not  hand  picked  or  otherwise  sorted  or 
washed. 

As  the  present  work  is  entirely  on  the  surface  the  ore  is  more  or  less 
broken  up  and  disintegrated,  so  that  a  large  part  may  be  handled  by 
horse  scrapers  and  shovels.  As  greater  depth  is  attained  and  stope 
mining  is  begun  the  ore  will  imdoubtedly  become  more  compact  and 
difficult  to  break  down.  This  will  necessitate  recourse  to  blasting 
on  an  extensive  scale  and  consequent  increase  of  cost  of  mining. 

The  ore  occurs  in  a  series  of  slates  and  quartzites  which  have  an 
easterly  dip  and  a  north-south  strike.  The  dip  varies  in  different  parts 
of  the  mine  owing  to  deformation  of  the  crust  through  folding  and 
faulting.  Although  the  dip  is  everywhere  easterly  there  is  strong 
reason  for  beUeving  that  the  rocks  have  been  folded  to  such  an  extent 
that  the  folds  have  been  overthrown,  and  that  in  some  places  tliis 
overfolding  has  been  so  intense  that  the  rocks  have  actually  been 
broken  and  pushed  on  top  of  strata  which  geologically  lie  above  them. 
The  slates  and  quartzites  are  conformable — that  is,  the  beds  of  one  lie 
parallel  to  the  beds  of  the  other.  Where  this  relation  is  not  true  the 
discordance  is  due  to  faulting. 

The  distinction  between  ore  and  slate  is  generally  based  on  purely 
economic  grounds,  for  the  two  are  so  intimately  mixed  that  it  is  impos- 
sible to  take  out  one  without  also  removing  a  large  amount  of  the 
other.  This  fact  is  of  considerable  importance  in  estimating  the 
values  of  the  properties,  for  the  usual  analyses  do  not  take  into  con- 
sideration the  amount  of  slate  that  must  be  removed  in  winning  the 
ore. 

The  faults  in  this  region  are  of  two  distinct  types,  normal  and  reverse 
or  thrust  faults.  The  normal  faults — that  is,  those  faults  that  have 
the  downthrown  block  on  the  side  toward  which  the  fault  plane  dips — 
trend  generally,  at  a  right  angle  to  the  range.     Tlie  reverse  foAiUa 
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extend  more  nearly  parallel  with  the  range  and  have  greater  effect 
upon  the  topography  than  the  normal  faults.  Most  of  the  normal 
faults  in  this  district  are  of  slight  displacement,  but  some  of  the  thrust 
faults  have  a  throw  of  a  tliousand  feet  or  more. 

The  ore  occurs  in  two  forms;  the  first  rather  hard,  massive,  and 
quartzitic ;  the  second  soft,  crumbly,  and  slaty.  The  soft  ore  is  gen- 
erally higher  in  iron  and  is  more  easily  mined.  It  undoubtedly  has 
been  formed  by  the  replacement  of  slate  by  iron.  The  hard,  massive 
ore  breaks  into  angular  blocks  bounded  by  joints.  On  freshly  frac- 
tured surfaces  the  ore  is  seen  in  gUstening  small  crystals  interspersed 
with  quartz  grains.  Much  of  the  quartz  is  of  a  bluish  color  but  on 
long  exposure  becomes  white  and  opaque.  The  quartz  grains  are 
crushed  and  elongated  in  the  plane  of  the  cleavage.  The  ore  is  dark, 
nearly  black,  but  becomes  gray  on  exposure.  This  change  of  color 
is  especially  noticeable  in  the  slaty  ore. 

At  the  Mesaba  mine  there  are  two  main  veins  of  ore,  which  differ 
but  slightly  from  each  other  either  in  character  or  thickness.  The 
eastern  vein  varies  from  10  to  15  feet  in  thickness.  At  two  places, 
however,  its  thickness  has  been  increased  by  thrust  faulting,  which 
took  place  before  the  block  faulting  occurred.  This  vein  has  been 
uncovered  for  about  600  feet  along  the  strike.  Beyond  the  point  thus 
exposed  the  evidence  afforded  by  scattered  pits  is  too  incomplete  to 
permit  valuable  deductions  as  to  the  structure  which  may  be  encoun- 
tered in  further  development. 

A  vein  of  ore  that  has  been  slightly  prospected  extends  from  the 
mine  nearly  due  south  for  a  quarter  of  a  mile  and  then  swings  around 
toward  the  southeast.  It  may  be  traced  for  about  half  a  mile,  but 
near  the  junction  of  the  spur  track  with  the  main  line  of  the  Louisville 
and  Nashville  Railroad  it  is  cut  off  by  the  fault  along  the  south  and 
east  side  of  the  range  which  brings  the  limestone  to  the  surface.  This 
vein  has  an  exposed  thickness  ranging  from  3i  to  5  feet.  The  ore  is 
of  the  hard  variety,  being  quartzitic,  with  numerous  flattened  and 
crushed  grains  of  quartz. 

The  second  vein  at  Tallaseehatchee  lies  about  75  paces  west  of  the 
eastern  one.  Toward  the  south  the  western  vein  diverges  slightly,  so 
that  the  distance  between  the  two  veins  increases  in  that  direction. 
In  the  extreme  southern  part  of  the  area  that  has  been  opened  at  the 
mine  on  this  vein  about  42  feet  of  ore  is  exposed.  This  unusual 
thickness  is  due  to  the  reduplication  of  beds  by  thrust  faulting.  Both 
the  eastern  and  western  veins  are  cut  by  normal  faults  that  have  east- 
west  strikes,  no  less  than  five  having  been  recognized  in  a  distance  of 
only  200  paces. 

The  entire  area  that  has  been  opened  up  at  the  Mesaba  mine  is 
included  within  a  square  that  measures  200  yards  on  a  side.  No  depth 
greater  than  20  or  25  feet  below  the  surface  has  yet  been  attained,  so  , 
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that  the  character  and  continuity  of  the  ore  in  depth  has  not  yet  been 
determined.  It  seems,  however,  that  the  ore  becomes  gradually 
more  and  more  compact  with  increase  in  depth. 

On  account  of  the  slight  amount  of  prospecting  that  has  been  done 
by  the  company,  little  is  known  about  the  extent  and  form  of  the  ore 
bodies.  It  has  been  shown,  however,  that  the  ore  at  one  or  more 
horizons.continues  for  at  least  a  mile  and  a  half,  or  to  the  limits  of  the 
company^s  holdings,  south  and  west  of  the  mine.  The  amount  of 
float  indicates  that  in  at  least  two  places  in  this  distance  a  great  thick- 
ness of  ore  may  be  expected.  Both  of  these  areas  occur  in  sags  be- 
tween hills,  but  as  there  are  no  exposures  of  underlying  rocks  at  these 
places  the  structure  could  not  be  determined.  It  seems  probable, 
however,  if  the  iron  series  lies  below  the  Weisner  formation,  as  has  been 
supposed,  that  the  apparent  thickness  is  due  to  the  fact  that  the  sur- 
face here  bevels  across  the  bowls  of  synclines.  This  suggestion  needs 
careful  and  thorough  consideration,  as  its  bearing  on  the  economic 
problems  involved  is  very  important. 

The  other  mine  of  the  Gray  Ore  Iron  Company  is  about  three- 
fourths  of  a  mile  north  of  the  Mesaba  mine,  on  the  same  range,  at  a 
point  where  it  is  cut  through  by  Emauhee  Creek.  Operations  at  the 
Emauhee  have  been  suspended  while  work  at  Mesaba  is  being  pressed. 
In  consequence  the  pits  are  filled  with  water,  so  that  most  of  the  mine 
could  not  be  visited. 

The  method  of  development  at  Emauhee  differs  from  that  used  at 
Mesaba,  for  the  facilities  there  for  stripping  are  not  so  good  and  an 
incline  some  300  feet  in  length  has  therefore  been  driven  and  drifts 
have  been  turned  off  every  50  feet.  The  main  mining  work  has  been 
done  on  the  south  side  of  the  creek.  When  the  company  resumes 
work  the  lowest  drift  will  be  driven  northward  at  a  depth  of  about  100 
feet  under  the  creek  and  will  connect  with  the  surface  workings  on  the 
other  side  by  an  upraise.  This  connection  will  afford  good  ventilation 
and  will  block  out  considerable  ground. 

The  ore  at  Emauhee  is  similar  to  that  at  Mesaba,  but  is  more  dense 
and  quartzitic.  This  massive  character,  coupled  with  the  additional 
expense  of  underground  mining,  makes  the  cost  at  Emauhee  much 
higher  than  in  the  more  easily  shaken,  less  massive  beds  at  the  Mesaba 
mine,  which  for  the  present,  at  least,  can  be  handled  in  open  cuts. 

There  are  two  veins  at  Emauhee.  The  more  eastern  vein  has  been 
most  extensively  developed  and  carries  the  better  ore.  This  vein  con- 
sists of  two  benches  of  hard  quartzitic  ore  separated  by  a  thin  parting 
of  iron-impregnated  slaty  schist,  very  similar  in  character  to  the  slates 
at  Mesaba.  The  thickness  of  this  slate  parting  varies  considerably. 
In  some  places  it  disappears;  in  others  it  is  several  feet  thick.  The 
ore  also  varies  in  thickness,  but  near  the  i^ine  it  averages  approxi- 
mately 5  feet  7  inches.     This  lead  has  been  traced  so\itlv^«vx<i  '^xv^  '^ 
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small  amount  of  development  work  has  been  done  1,000  feet  south 
of  the  main  line.  In  this  distance  the  ore  is  nearly  continuous  with 
apparently  but  slight  interruption  by  faults. 

North  of  the  mine,  across  the  creek,  the  main  vein  has  been  opened 
for  several  hundred  feet  and  a  good  deal  of  ore  has  been  won  by  open- 
pit  mining.  In  the  northern  part  of  the  open-cut  work,  about  200 
paces  from  the  creek,  there  is  a  well-pronounced  fault,  with  a  nearly 
east-west  strike,  by  which  the  ore  is  thrown  to  the  west  a  slight  dis- 
tance. About  100  paces  still  farther  north  there  is  another  east-west 
fault,  by  which  the  ore  is  thrown  some  distance  to  the  east.  Beyond 
this  point  the  ore,  which  has  previously  appeared  on  the  west  side  of 
the  ridge,  is  found  only  on  the  east  side  of  the  ridge.  Other  open- 
ings have  been  made  on  this  northward  extension  from  Emauhee 
nearly  to  Sycamore.  The  last  place  where  the  ore  was  exposed  along 
this  nearly  continuous  line  was  just  west  of  the  group  of  houses  at 
Sycamore,  southwest  of  the  cotton  mill. 

These  pits  had  been  dug  for  a  long  time  and  had  caved,  so  that  the 
entire  thickness  of  the  ore  was  perhaps  not  visible  in  all  of  them. 
There  were,  however,  few  if  any  places  north  of  the  open  cut  on  the 
north  side  of  Emauhee  Creek  where  a  greater  thickness  than  4  feet  of 
ore  was  observed.  The  ore  in  these  pits  was  much  redder  than  that 
exposed  in  either  the  Mesaba  or  Emauhee  mines.  It  seems  evident, 
however,  that  this  lead  is  the  same  as  the  main  lead  at  Emauhee, 
which  is  also  correlated  with  the  eastern  vein  at  Mesaba. 

The  second  vein  at  the  Emauhee  has  not  been  worked  at  all.  It 
lies  west  of  the  main  vein  and  is  of  much  poorer  quality.  This  ore  is 
an  impure  iron-bearing  sandstone.  The  vein  is  wider  than  the  first, 
averaging  about  7  feet.  This  measurement  is  approximate  only,  and 
can  not  be  made  exact  owing  to  the  lack  of  development  and  the 
poorly  defined  contact  between  the  ore  and  the  country  rock.  Near 
Emauhee  this  vein  seldom  runs  more  than  30  to  34  per  cent  metallic 
iron. 

In  addition  to  the  Mesaba  and  Emauhee  mines  there  are  a  number 
of  other  places  where  gray  ore  has  been  mined  on  a  small  scale  in  the 
past.  At  Columbiana  a  few  hundred  tons  were  shipped  a  long  time 
ago.  At  Andeluvia  Mountain,  according  to  McCalley,"  about  100 
tons  of  ore  were  mined  and  shipped.  In  the  Weewoka  Hills,  near 
Heacock  and  Riser  mountains,  also,  a  small  amount  of  ore  has  been 
mined'  and  smelted. 

Active  prospecting  is  now  in  progress  only  in  the  Weewoka  Hills 
near  Heacock  and  Riser  mountains.  The  Heacock  property  has  been 
exploited  by  numerous  pits,  so  that  the  general  character  of  the  ore 
and  its  width,  length,  and  value  have  been  more  or  less  completely 
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determined.  The  ore  occurs  in  a  series  of  arenaceous  schists  and 
slates  which  have  a  nearly  northeast-southwest  strike.  The  main 
openings  are  on  the  west  side  of  the  easternmost  range  of  the  Weewoka 
Hills  opposite  the  house  of  Doctor  Heacock  in  sec.  9,  T.  20,  R.  4  E. 
The  ore  bodies  are  intricately  folded  and  the  structure  is  compli- 
cated. The  valley  between  the  western  range  of  the  Weewoka  Hills 
on  MaUory  Mountain  and  the  eastern  range  on  Heacock  Mountain  is 
occupied  by  down-faulted  limestone  which  is  of  either  Kjiox  or 
Aldrich  age.  The  range  consists  of  schists,  slates,  and  sandstones, 
and  in  the  extreme  upper  portion  of  quartzite. 

In  the  slates  there  are  several  beds  of  gray  ore,  no  less  than  five 
being  exposed  between  the  foot  and  summit  of  the  hill  on  the  west 
side,  it  seems  evident,  however,  that  all  of  these  do  not  represent 
separate  strata,  but  rather  the  folded  limbs  of  the  same  bed.  At  least 
three  of  the  five  belong  to  the  same  bed,  and  it  is  a  question  whether 
the  other  two  belong  together  or  to  the  folded  vein  to  which  the  first 
three  belong.  Many  important  points  regarding  the  details  of  these 
ore  horizons  can  not  yet  be  determined,  owing  to  the  small  number  of 
openings. 

The  old  work  done  at  the  Heacock  consisted  in  stripping  the  eastern- 
most vein,  the  one  nearest  the  top  of  the  ridge,  for  nearly  a  hundred 
yards.  This  vein  averages  about  3  feet  in  width  and  consists  of  good 
clean  hematite  ore.  About  100  paces  southwest  of  its  northern  end 
this  bed  is  folded  back  on  itself  so  abruptly  that  it  has  broken  and 
the  southern  continuation  has  slipped  past.  The  vein,  therefore, 
occupies  nearly  20  paces  less  space  than  it  would  if  the  lead  were  con- 
tinuous. This  feature  is  mentioned  in  detail  because  it  must  con- 
stantly be  taken  into  account  in  developing  these  ores.  Where  the 
beds  have  been  much  faulted  and  folded,  the  value  of  the  ore  increases, 
so  that  the  associated  difficulties  of  mining  are  in  some  measure  com- 
pensated for  by  the  higher  tenor  of  the  ore. 

In  the  northwestern  part  of  the  field  this  vein  lies  west  of  the  summit 
of  the  ridge,  but  its  strike,  somewhat  less  westerly  than  the  strike  of 
the  ridge,  soon  brings  it  onto  the  east  side  of  the  range.  It  has  been 
traced  more  or  less  continuously  for  about  500  paces,  though  many  of 
the  old  prospect  pits  are  now  filled  in,  so  that  no  ore  is  exposed  in 
place. 

About  50  paces  west  of  this  vein  there  is  another  vein,  which  stands 
nearly  vertical  and  has  a  nearly  parallel  strike.  This  vein,  where 
exposed  in  the  entrance  of  an  old  adit,  appears  as  a  S^-foot  bed. 
Twenty-three  paces  within  this  adit  in  an  easterly  direction  is  another 
vein  which  has  a  flatter  easterly  dip  and  a  more  northwesterly  strike. 
On  the  surface  the  two  veins  have  approached  each  other  to  within 
about  4  paces.  Consequently  it  seems  evident  that  the  two  veins  in 
the  adit  are  the  same,  for  the  strikes  are  converging  as  well  as  the  dips. 
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The  ore  body  there  is  in  the  form  of  a  northward-pitching  anticlinal 
fold. 

Between  the  two  leads  shown  in  the  adit  and  the  eastern  vein  on 
the  summit  of  the  hill  there  is  another  lead  of  ore.  This  seems  to  con- 
nect with  the  easternmost  vein  exposed  in  the  adit  to  form  a  synclinal 
fold.  These  three  veins,  then,  are  presumably  the  same  bed,  which 
has  been  folded  and  eroded  so  as  to  give  the  appearance  of  three  sepa- 
rate beds.  The  westernmost  bed  on  Heacock  Mountain  has  been 
exposed  in  only  four  small  pits.  It  lies  about  25  paces  west  of  the  vein 
shown  in  the  mouth  of  the  adit.  The  ore  is  identical  in  character 
with  that  seen  in  the  other  veins,  and  all  the  beds  may  represent  only 
one  ore  horizon  reduplicated  by  folding. 

In  connection  with  Heacock  Mountain  it  is  interesting  to  note  that 
the  direction  of  the  mountain  is  not  parallel  to  the  rock  structure,  but 
is  determined  mainly  by  the  direction  of  faults  on  the  sides  of  the 
mountain.  The  strata  run  more  nearly  north  and  south  than  the 
range,  which  trends  northeast-southwest,  and  therefore  the  veins, 
which  all  appear  on  the  western  side  of  the  mountain  in  the  northern 
part  of  this  property,  cross  the  range  and  in  the  more  southern  portion 
are  on  the  eastern  side. 

About  a  mile  south  of  the  Heacock  Mountain  openings,  on  the  east 
side  of  Weewoka  Creek,  only  a  couple  of  hundred  paces  from  the  dam 
at  Weewokaville,  there  is  another  series  of  exposures  of  gray  ore. 
These  exposures  occur  on  a  small  ridge  that  is  separated  from  Hea- 
cock Mountain  by  faults  which  bring  down  the  dolomitic  limestones 
so  that  a  valley  has  been  etched  on  them.  This  lower  ridge  because 
of  the  early  ownership  of  the  property  is  called  Riser  Mountain.  It 
has  a  heavy  quartzitic  sandstone  at  the  summit  and  a  series  of  some- 
what metamorphic  beds  on  the  lower  slopes.  These  beds^,  however, 
are  not  so  much  metamorphosed  as  the  slates  and  schists  at  the 
Heacock. 

The  ore  at  Riser  Moimtain  is  rather  complexly  cut  by  both  normal 
and  reverse  faults.  These  have,  however,  not  materially  affected  the 
quality  of  the  ore,  which  is  of  somewhat  lower  grade  than  that  at  the 
Heacock  Mountain  property.  The  most  marked  effect  of  the  faulting 
has  been  to  increase  materially  the  thickness  of  the  outcrop.  Conse- 
quently for  a  distance  of  500  feet  along  the  vein  it  is  wide  enough  to 
afford  good  opportunity  for  stripping.  The  ore  at  this  place  shows 
rather  more  intimate  connection  with  the  quartzitic  sandstone  than 
at  most  other  localities.  The  sandstone  is  rather  coarse  and  in  a 
number  of  places  shows  well-marked  cross-bedding  on  a  small  scale. 
The  ore  here  occurs  in  two  leads,  but  owing  to  the  slight  amount  of 
development  it  is  uncertain  whether  they  are  connected  or  not.  From 
the  rapid  thickening  and  thinning  of  the  main  lead  it  is  possible  that 
the  thick  places  represent  the  fold  where  the  two  seams  coalesce.     On 
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the  other  hand,  the  fact  that  the  two  seams  have  very  different  thick- 
ness is  suggestive  that  they  are  really  two  distinct  beds. 

Nearly  a  mile  south  of  Weewokaville,  on  the  east  side  of  Weewoka 
Creek,  there  is  another  group  of  openings  which  shows  rather  good  ore. 
The  ore,  however,  is  seldom  over  3  feet  thick  and  so  would  be  rather 
expensive  to  mine.  The  structure  at  this  place  is  complicated.  The 
ore  has  a  more  nearly  north  south  strike,  with  even  a  slight  tendency 
toward  the  southeast.  The  dip  is  extremely  variable.  In  the  western 
part  of  the  field,  where  it  has  been  opened  up  by  prospect  pits,  the 
dip  becomes  nearly  flat.  This  flattening  is  due  in  part  to  the  creep  of 
the  surf  ace  but  mainly  to  the  actual  change  in  dip  which  the  rocks 
have  undergone.  Considering  the  thinness  of  the  beds,  their  flat 
inclination,  and  the  lower  tenor  of  iron,  this  property  does  not  seem 
so  promising  as  the  Riser  or  Heacock  Mountain  fields.  This  southern 
field  is  abruptly  terminated  toward  the  north  by  a  fault  and  the 
northward  continuation  of  the  lead  has  not  yet  been  successfully 
located.  Throughout  the  field  there  are  a  number  of  faults  of  small 
displacement,'most  of  which  seem  to  be  normal  faults. 

Gray  ore  float  can  be  traced  southward  almost  continuously  to 
Andeluvia  Mountain,  though  no  exploration  pits  have  been  put  in  to 
uncover  the  ore.  In  Andeluvia  Mountain  at  least  three  veins  of  ore 
are  exposed.  The  most  valuable  occurs  on  the  northwest  side, 
where  6  feet  of  good  clean  ore  has  been  exposed  in  a  prospect  pit. 
Near  the  summit  of  the  mountain  there  is  alscr^ome  gray  ore,  but  it  is 
of  low  grade  and  is  merely  a  ferruginous  sandstone  with  perhaps  25 
per  cent  of  metallic  iron. 

On  the  summit  of  Andeluvia  Mountain  a  prospect  pit  has  been  sunk 
and,  according  to  local  tradition,  about  a  hundred  tons  of  ore  were 
shipped  from  it.  The  ore,  however,  was  so  poor  that  it  had  no  economic 
value  and  further  work  was  abandoned.  There  are  at  least  two  kinds 
of  iron  ore  exposed  on  Andeluvia  Mountain,  namely,  the  gray  ore  and 
a  variety  of  specular  hematite.  The  amount  of  the  latter,  judging 
from  the  float,  is  rather  slight  and  probably  this  ore  has  no  economic 
importance.  The  specular  ore  is  found  in  the  schists  associated  with 
lenses  of  quartz.  At  many  places  some  iron  carbonate  or  siderite  is 
associated  with  the  hematite,  but  it  occurs  in  insignificant  amounts. 

From  Andeluvia  Mountain  as  far  south  and  west  as  Hickmans  Gap, 
which  is  about  one-half  mile  east  of  Herds  Gap,  the  occurrence  of  the 
ore  has  already  been  described  in  the  paragraphs  on  the  Emauhee  and 
Mesaba  mines.  From  this  point  westward  as  far  as  Fulton  Gap  there 
has  been  more  or  less  desultory  prospecting,  but  the  ore  so  far  exposed 
has  generally  been  in  narrow  beds  much  intermixed  with  slate.  A^erj^ 
little  systematic  exploration  has  been  done  in  this  field,  however,  and 
further  development  work  by  means  of  pits  and  trenches  would  prob- 
ably afford  interesting  results.     At  least  four  different  beds  have  been 
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encountered  in  a  single  section  across  the  range  near  Herds  Gap,  but 
their  interrelation  has  not  been  determined. 

In  the  Kahatchee  Hills — meaning  by  this  the  range  west  of  Fulton 
Gap  as  far  as  the  Childersburg-Fayetteville  road — practically  no  devel- 
opment work  has  been  done,  owing  rather  to  the  roughness  of  the  coun- 
try than  to  the  absence  of  ore  indications.  At  a  number  of  places 
gray  ore  float  is  abundant  and  several  outcrops  of  ore  of  fair  quality 
have  been  found.  On  the  surface  the  outcrops  are  generally  much 
weathered  and  many  of  them  appear  leaner  than  they  actually  are 
found  to  be  below  the  soil. 

In  the  cross  range  near  the  northern  end  of  the  Kahatchee  Hills 
there  is  an  interesting  occurrence  of  ore  which  possibly  throws  light 
on  the  origin  of  some  of  the  gray  ore.  About  IJ  miles  N.  50°  W.  of 
the  highest  peak  of  the  Kahatchee  Hills  there  is  a  quartzite  striking 
N.  53°  E.  This  quartzite  contains  a  great  abundance  of  small  pyrite 
crystals,  and  near  the  surface,  where  alteration  has  affected  the  rock 
most,  the  iron  pyrite  has  decomposed  and  weathered  into  a  brown  ore 
on  which  a  pit  was  opened.  Apparently*  on  the  same  strike  and  not 
more  than  a  hundred  yards  to  the  southwest  there  is  a  bed  of  very 
lean  gray  ore,  consisting  mainly  of  hematite.  This  occurrence  sug- 
gests the  possibility  that  the  gray  ore  here  was  derived  by  metamor- 
phism  from  brown  ore,  which  in  turn  was  apparently  derived  from 
iron  pyrite  through  decomposition. 

In  the  Katala  Hills,,  west  of  the  Kahatchee  Hills,  there  is  an  abun- 
dance of  iron  float  near  the  summit  of  the  ridge.  The  line  of  outcrop 
of  the  ore  can  be  traced  continuously  from  a  point  west  of  Fayetteville 
throughout  the  entire  length  of  the  ridge.  Along  the  eastern  limb 
of  these  mountains  the  ore  is  sandy  and  therefore  not  of  very  good 
quality.  In  the  broken  western  limb  north  of  Haye  Spring  Branch 
the  ore  is  of  much  better  quality.  This  ore,  however,  is  redder  than 
the  other  gray  ores  of  the  district.  This  field  has  not  been  exploited, 
but  promises  well. 

South  of  Fayetteville  there  are  few  exposures  of  good  ore.  The 
most  promising  place  is  on  the  southeast  side  of  the  spur  that  runs 
eastward  from  Sulphur  Spring  Mountain,  where,  in  an  old  pit  which 
has  now  caved  considerably,  a  lead  of  ore  6  feet  across  has  been 
exposed.  This  lead  is  said  to  have  shown  up  much  thicker  when  the 
pit  was  first  opened.  It  can  be  traced  southward  by  float  from  Sul- 
phur Spring  Mountain  to  Looney  Mill,  a  distance  of  2  miles.  This 
float  is  for  the  most  part  highly  arenaceous  and  the  iron  content  of 
this  ore  is  undoubtedly  lower  than  that  of  the  ore  in  the  northern  part 
of  the  Katala  Hills. 

.As  has  been  previously  noted,  the  iron-bearing  member  decreases 
in  value  south  of  Looney  Mill,  becoming  more  and  more  arenaceous, 
until  it  is  only  a  slightly  ferruginous  quartzitic  sandstone.     In-  this 
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part  of  the  range  there  have  been  no  openings  except  a  few  old  pits 
dug  in  the  hard  bluish  quartzite  that  forms  the  summit  of  the  ridge 
near  the  point  where  it  is  crossed  bv  a  road  1  mile  south  of  Loonev 
Mill. 

In  Columbiana  Mountain,  a  fe^'  miles  east  of  Columbiana,  in  Shelby 
County,  there  is  a  bed  of  reddish  hematitic  iron  ore.     As  its  position 
with  respect  to  the  Weisner  quartzite  is  the  saniiB  as  that  of  the  gray 
ores  of  Talladega  Coimty,  mention  of  its  mode  of  occurrence  may  be 
of  interest.     The  structure  of  the  mountain  is  very  complicated.     Ac- 
cording to  Dr.  E.  A.  Smith,  the  lowland  west  of  Columbiana  is  formed 
of  Mississippian  sandstones  and  shales.     The  lowland  at  the  foot  of 
the  mountain  on  the  west  flank  is  composed  of  Knox  shales  and 
limestones.     Higher  up  the  moimtain  a  fault  causes  an  abrupt  tran- 
sition into  a  series  of  sandy  shales  with  some  quartzitic  beds.     The 
summit  of  the  mountain  is  formed  of  heavy  quartzitic  sandstone,  such 
as  characterizes  the  summits  of  the  range  in  Talladega  County.     The 
form  of  the  mountain  is  roughly  elliptical,  the  longer  axis  pointing 
northeast-southwest.     The  massive  quartzitic  sandstone  forms  the 
lim  of  this  mountain,  except  where  it  is  breached  by  Beeswax  Creek 
in  the  northwest  and  southeast.     The  form  of  this  mountain,  with  its 
liigh  elliptical  rim  and  low  basinlike  central  portion,  is  very  peculiar, 
"but  is  in  some  respects  similar  to  the  canoe-shaped  folded  mountains 
of  the  northern  Appalachians.    A  section  along  the  Columbiana-Mardis 
lerry  road  eastward  from  the  summit  of  the  western  limb,  1^  miles 
from  Columbiana,  is  as  follows: 

Section  along  Columbiana- Mardis  ferry  road. 

Paces. 
Quartzite,  top  of  ridge " 1 

Very  red  soil,  all  sandstone  float 50 

Nearly  level,  practically  no  float 100 

Road  descends  more  abruptly;  sandstone  with  little  quartz  veins 1 75 

Broken  shaly  sandstone;  dip  38°  SE -'. J^8 

Broken  shaly  sandstone;  dip  72°  E 183 

Three-foot  quartzite  ledge,  with  numerous  quartz  veins;  dip  47°  K 204 

Slaty  sandstone;  dip  vertical 270 

Slaty  sandstone;  dip  20°  E 279 

Rather  heavy  fine-grained  sandstone;  dip  18°  E 304 

Light-greenish  thinly  laminated  slates  quite  arenaceous;  dip  22°  E 374 

One-foot  quartzite;  dip  22°  E 404 

Heavy  quartzitic  sandstone 458 

Heavy  sandstone  float 517 

Thinly  laminated  shales  breaking  into  small  pieces;  dip  E.  (?) 538 

Two-foot  bed  of  ore  forming  slight  ridge  in  road 550 

Six-inch  bed  of  ore 557 

Three-foot  bed  red  iron  ore:  dip  27°  E 5(>0 

Greenish  shaly  slates;  dip  uncertain 504 

?  Fault;  beyond  this  the  dip  is  48°  E 584 

Greenish  shaly  slates;  dip  30°  E 594 

Bull.  315—07 12 
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Paces. 

Coarse  sandstone  giving  rise  to  deep  in)n  red  soil 617 

Beginning  of  another  iron  series 623 

Eastern  wall  of  iron  member.     This  series  is  made  up  of  a  number  of  thin  beds 
of  hematite  ore  separated  from  one  another  l>y  slate  partings.     The  ore  is 

quite  quartzose;  dip  45°  E 633 

Sandy  shaly  slates;  dip  conformable  with  iron  series 656 

Sandy  shales;  dip  60°  E 666 

Heavy  fine  sandstone  rather  poorly  consolidated ;  dip  37°  E 676 

Thinly  laminated  shaly  sandstonc»s 710 

Heavier  sandstone,  fine-grained  but  rather  massive:  nonquartzitic 716 

In  the  more  eastern  limb  of  Columbiana  Mountain  the  iron  series 
appears  on  the  western  slopes.  As  the  dip  of  the  rocks  is  easterly,  the 
hematite  apparently  underlies  the  heavy  quartzitic  sandstone  that 
caps  the  summit  of  the  mountain.  This  shows  the  same  complex 
relation  that  has  been  observed  in  Talladega  County,  namely,  that  in 
places  the  dip  of  the  ore  would  seem  to  carry  it  below  the  quartzitic 
sandstone,  while  in  other  places  it  appears  to  be  above. 

No  gray  ore  has  been  found  in  either  Alpine  Mountain  or  the  Talla- 
dega Hills,  but  as  the  same  series  that  occur  in  the  productive  areas 
are  found  also  in  these  hills  they  may  be  considered  as  possible  areas. 
In  the  Talladega  Hills  there  are  numerous  brown  ore  deposits  at  the 
horizon  in  which  gray  ore  occurs  farther  south.  It  would  appear, 
therefore,  that  the  horizon  of  the  gray  ore  is  at  some  places  occupied 
either  by  lean  ferruginous  sandstone  or  by  limonite  deposits. 

The  other  possibly  productive  area  noted  is  the  western  limb  of 
the  Weewoka  Hills  or  Mallory  Mountain.  In  this  mountain  although 
the  rocks  appear  to  belong  to  the  same  geological  horizon  as  those 
of  the  eastern  range  of  the  Weewoka  Hills  there  is  no  trace  of  gray 
ore.  Instead,  just  at  the  places  where  gray  ore  would  be  expected 
there  are  brown  ore  deposits,  a  fact  that  will  be  further  considered  in 
the  discussion  of  the  origin  of  the  ore  deposits.  So  far  as  the  present 
iftvestigation  has  shown,  however,  it  does  not  seem  probable  that 
any  gray  ore  of  economic  importance  will  be  discovered  in  Alpine 
Mountain,  the  Talladega  Hills,  or  Mallory  Mountain. 

CHARACTER  OF  THE  ORE. 

Practically  all  the  so-called  gray  ore  in  Talladega  County  is  really 
hematite.  An  analysis  made  in  the  chemical  laboratory  of  the 
United  States  Geological  Survey  (No.  2241)  of  an  average  sample 
of  ore  from  Heacock  Mountain,  Weewoka  Hills,  gives  70.04  per  cent 
Fe^Og  and  0.74  per  cent  FeO.  If  all  the  ferrous  iron  in  this  analysis 
is  derived  solely  from  magnetite  the  relative  percentages  of  the  two 
minerals  would  be  97  per  cent  hematite  and  3  per  cent  magnetite. 
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In  places,  however,  the  relative  percentage  of  magnetite  so  increases 
that  the  ore  becomes  somewhat  magnetic. 

When  exposed  to  weathering  the  ore  takes  on  a  rather  ashy  gray 
color,  and  the  name  gray  ore  therefore  not  only  describes  it,  but 
serves  to  distinguish  it  from  the  red  or  the  brown  ores  of  northern 
Alabama.  As  the  ore  is  a  variable  mixture  of  magnetite  and  hema- 
tite the  simple  term  gray  ore  is  sufficiently  distinctive  and  yet  implies 
no  definite  limitation  of  the  iron  mineral. 

Thin  sections  of  the  ore  contain,  in  addition  to  the  iron  minerals,  a 
great  deal  of  quartz,  which  is  the  main  source  of  the  silica  content. 
There  is  some  feldspar,  mainly  soda-lime  feldspar,  although  there 
is  also  some  microcline.     Mica  as  a  secondary  product  is  represented 
by   scattered  blades  of  muscovite.     Biotite  is  practically  absent. 
Some  chlorite,  secondary  after  mica,  is  found,  but  it  is  not  abundant. 
The  main  constituents  of  the  ore  are  quartz  and  iron.     The  hematite 
is  in  scaly  and  apparently  sheared  aggregates,  while  the  magnetite 
is   generally  in  well-formed,  sharp  crystals,  which  have  apparently 
been  formed  later  than  the  hematite.      In  a  very  few  thin  sections 
iron  sulphide  has  been  recognized.     The  quartz  occurs  in  two  dis- 
"tinct  forms — as  an  original  mineral,  very  much  strained  and  shat- 
tered, and  as  a  secondary  mineral,  showing  no  optical  stress.     This 
secondary  quartz  includes  many  crystals  of  magnetite,  the  relations 
of  these  minerals  showing  the  relative  age  of  crystallization  of  the 
xnagnetite  and  the  later  quartz.     Mica  was  apparently  contempo- 
X'aneous  with  the  later  quartz.     The  magnetite,  the  later  quartz, 
£ind  the  mica  were  probably  formed  at  the  close  of  the  period  of 
dynamic  metamorphism  during  which  the  mountains  were  built. 

The  accompanying  chemical  analyses  bring  out  more  clearly  the  char- 
a,cter  of  the  ores  of  this  district.  Table  I  comprises  analyses  that  have 
already  been  published.  Table  II  comprises  unpublished  analyses, 
most  of  which  have  been  collected  from  mining  or  prospecting  com- 
panies, and  are  less  complete  than  those  in  Table  I.  Table  III  also 
consists  of  analyses  hitherto  unpublished,  but  these  were  made 
from  material  collected  by  the  United  States  Geological  Survey. 
The  analyses  in  Table  III  should  therefore  receive  greater  weight 
than  those  in  either  of  the  other  two  tables,  for  the  samples  were  taken 
carefully  and  the  personal  equation  was  eliminated  as  far  as  possible. 
Samples  procured  by  interested  parties  are  generally  misleading, 
for  they  are  not  usually  taken  across  the  entire  width  of  the  vein 
which  is  to  be  mined.  It  is  practically  impossible  to  select  one 
fragment  of  rock  which  shall  represent  the  true  value  of  a  vein; 
therefore  some  method  of  sampling  which  shall  be  entirely  impartial 
must  be  adopted.  The  samples  from  which  all  the  analyses  shown 
in  Table  III  were  made  were  taken  by  cutting  a  continuous  groove 
the  entire  width  of  the  vein  and  preserving  all  the  chips  from  the 
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furrow,  and  it  is  therefore  believed  that  these  analyses  accurately 
represent  the  character  of  the  ore. 


Table  I.— 

Analy 
SiO,. 

24.60 
10.30 

30.03 
29.06 
23.45 

ses  of 
Fe. 

^i  90 
60.40 

42.51 

44.61 

49.08 

49.27 

53.81 

36.272 

35.17 

61.23 

59.47 

51.91 

5(>.01 

49.28 

54.47 

61.37 

47.28 

60.92 

59.03 

42.89 

31. 746 

46.83 

58.01 

50.67 

Alabai 

na  (J ray  iroti 
S.      MnO,. 

0.04     

.06     

.90         0.14 

i.m 

.11      

.60     :       ."26 

51 

.037  ,     1.26 

Tr.        Tr. 

Tr.        Tr. 

Tr.        Tr. 

Tr.         .31 

ore. 
CaO. 

0.32 
.22 

1.94 

i.'.w" 

1.25 

"'.'706 
.(iO 
.20 
.80 

.80  ' 
.50 

,  Al,<)^ 

1 

■  5.88 
'  3.(56 
!  4.00 
'  3.31 

1.55 
13.373 
!  6.06 

5.10 

4.22 

'  4.78 

1 

11,0. 

12.00 
.08 

1.26 

1 

Location. 

V. 

Ti. 

1 

2 
3 

4 

Magnetite  near  Childcrsburg 

Do 

Siliceous  hematite,  near  Colum- 
biana  

Do 

Do 

0.022 
.065 

Tr. 
.30 
.34 
-.61 

Tr 
.330 
.36 
.16 
.16 

.30 
.11 
.62 
.195 
.666 
.563 
.025 
.091 
.15 
.20 
3.00 
.fJ96 

.398 

5 

6 

Do 

16.24 
20.74 

7.45  ; 

7 

Do 

8 

9 

10 

11 

12 

SW.  isec.  15,  T.  22,  R.  2  E 

NE.  isec.  17,  T.  21,  R.  4  E 

SE.  i  ^5ec.  34,  T.  20.  R.  4  E 

A  mile  south  of  Sycamore 

Sec.  9,  T.  20,  R.  4  E.,  opposite 
Dr.  H^acock's 

40.103 
38.10 
7.05 
7.10. 

17.35 

2.078 
.40    ; 
.10    ' 

.a5  : 

.10    1 

1 

'  0.66 
.00 
.00 

.00 

13 

Do 

12.84 
19.  .10 

14 

Do 

;     . 

i 

15 

Do '...'11.70 

Do '  4.40 

Do 20.80 

SE.i  SE.  i  sec.  10,  T.  20,  R.4  E..  12.75 

Do 11.00 

Do 33.40 

Columbiana  Mountain '31. 594 

NE.  iNE  Isec.  17 121.98 

NE.  i  sec.  34.  T.  20,  R.  4  E |l.^ 80 

..••... 

1 

16 

1 

17 

IS 

1 

19 

1 

20 

21 

22 

; 

23 

' 



.86 

Average 

19.94 

• 

.291 

.68 

5.19 

2.613 

.00 

Analyses  1-3,  6  by  E.  A.  Smith  (Porter,  Trans.  Am.  Inst.  Min.  Eng.,  vol.  15^;  analysis  4  by  J.  B. 
Britton  (Smith,  Rept.  Progress  Alabama  Geol.  Survey  for  1875);  analysis  5  byC.  F.  Chandler  (Smith, 
Rept.  Progress  Alabama  Geol.  Survey  for  1875) ;  analysis  7  by  F.  P.  Dewey  (Tuomey,  Second  Bienn.  Rept. 
Alabama  Geol.  Suryey,  1858):  analysis  8  by  A.  F.  Brainefd  (McCalley,  Valley  regions  of  Alabama,  pt. 
1, 1897) ;  analyses  9-12  by  W.  B.  Phillips  (McCalley,  ibid.) ;  analyses  13-20, 22,23  by  W.  Crafts  (McCalley, 
ibid.);  analysis  21  by  Ilenry  McCalley. 

From  Table  I  it  will  be  seen  that  the  range  of  silica  is  from  4.40  to 
40.10,  the  average  being  19.94  for  the  23  analyses.  The  metallic  iron 
ranges  from  61.37  to  31.74,  averaging  50.67.  The  phosphorus  varies 
from  a  mere  trace  to  3.00,  its  average  value  being  0.398.  The  analy- 
sis giving  3  per  cent  phosphorus  differs  so  much  from  all  the  others 
that  one  is  inclined  to  suspect  some  error.  Inasmuch  as  the  proof 
reading  on  the  volume  from  which  the  analysis  was  taken  was  not 
carefully  done  it  is  possible  that  the  decimal  point  may  have  been 
misplaced,  so  that  instead  of  3.00  the  value  should  be  0.30.  The  sul- 
phur has  been  quantitatively  determined  for  only  6  of  the  23  analyses, 
but  for  those  the  average  content  was  0.291.  Manganese  also  was 
found  in  several  of  the  samples,  although  in  most  of  them  it  was  neg- 
lected. The  lime  is  very  low,  the  average  being  0.86  per  cent. 
Alumina  is  the  next  highest  component  after  iron  and  silica.  Unfor- 
tunately this  oxide  has  been  determined  in  only  10  of  the  analyses; 
the  average,  however,  is  about  5.19  per  cent.  A  striking  departure 
is  seen  in  analysis  8,  in  which  the  alumina  rises  to  13.37  per  cent. 
The  water  ranges  between  12.00  and  0.05,  averaging  2.61. 

If  the  iron  is  Fe^O^,  the  sulphur  SO2,  and  the  phosphorus  PgO.- 
the  total  of  average  values  ol)tained  from  all  these  analyses  is 
103.16.  The  excess  over  100  is  probably  due  to  the  incompleteness 
of  many  of  the  analyses  and  the  inclusion  in  some  of  them  of  two  or 
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more  substances  under  one  head.     For  instance,   in   some 
analyses  undoubtedly  all  the  insolubles  are  calculated  an  SiO,. 
Tabi.e  II. — Analyses  of  Alabama  yray  iron  ores. 


Location. 

SIO..  ,    Fe. 

■•■ 

5. 

CaO.jAl.Ov 

„. 

Un.  1  UgO. 

K,0 
NaV 

Ign. 

atlO      ITBB 

0.238 

».« 

5.10 

S.4S 
.395 

0.72 

'.bb' 

.«8 

32.10 

IS.M 
14.10 
24. « 

x.ia 

44-10 

4&90 

SI  a 

3 

SEs;;;;::;;:;;;; 

i;S 

.148 

i 

s. 

6S 
70 
70 

.■an 

.234 

Heacoclt  Mountain; !!!!';; ; 

BserMounlnn""!!!'!;!; 
RserMoantan 

4<LGfl 

15.  ao 

44.  G2 
90.00 
42.25 

4B.  15 

W.g& 

38.02 

.30 

31 

!,«»  teat  south  of  EmauhBa 

1         . 

i 

£1 

SOO  ratd*  weat  oi  Emaaliee 

1         1         1 

1 

51.  at 

.1^ 

.4fl 

1.32 

3.73 

Analysis  1  by 
ing  Laboratory  .  ,  ,  .  . 

oratoryl;  analysis  19  by  Helaaner  (Vaa<1erbllt  8t«el  and  Icon  Co.) 

Table  II  is  incomplete,  for  the  main  elements  that  prospecting  com- 
panies wish  to  determine  are  the  iron  and  silica.  The  first  of  these 
elements  runs  considerably  lower  than  the  iron  of  Table  I,  being  on 
the  average  about  45.56  per  cent.  The  silica  is  higher,  having  a  range 
between  14.10  and  42.10,  the  average  being  21.63  per  cent.  The 
phosphorus  is  much  lower,  being  0.262  per  cent.  If,  however,  in 
Table  I  we  omit  the  excessive  phosphorus  of  analysis  13,  the  average 
phosphorus  of  Table  I  becomes  0.268,  which  corresponds  very  closely 
with  that  of  Table  II.  There  are  not  sufficient  data  to  permit  a  com- 
parison of  the  sulphur  of  the  two  tables. 

The  average  of  the  analyses  of  Tables  I  and  II  is  as  follows: 


SiO,.. 


Average  nf  analyaes  ip 


n  Tables  I  and  II. 


MnOi 

CaO 

AljOj 

TiOj 

H,0 

MgO 

K,Oan(iNa,0.. 
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It  is  interesting  to  compare  this  average  with  the  analyses  in  Table 
III,  which  shows  the  analyses  made  for  this  paper  by  R.  S.  Hodges, 
chemist  of  the  Geological  Survey  of  Alabama. 

Table  III. — Analyses  Qfgray  ore  from  Tallaseehalchce  mine,  Alabama. 


Location. 


1.  Middle  of  east  vein 

2.  Northwest  wall  of  east  veina. 

3.  South  end  of  west  vein 

4.  Northern  part  of  west  vein  b . 

5.  South  end  of  west  vein  c 


SiOj. 


32.71 
47.02 
49.89 
28.34 
35.68 


AM)3. 

Fe. 

Mn. 
0.24 

P. 

-■- 
0.28 

S. 
0.016 

TiOs. 

10.18 

35.38  1 
20.36  1 
25.97  ■■ 
43.17 
35.9<>  • 

1 

0.53 



o  About  36  feet  wide. 

b  Vein  at  this  point  38  feet  wide.    TTard  ore. 

<•  Vein  at  Jhis  point  42  foot  wide.    Many  slate  partings  in  the  ore. 

The  most  noticeable  facts  shown  by  the  analyses  in  Table  III  are 
the  relatively  low  iron  content  and  the  high  silica.  The  greatest 
amount  of  iron  occurs  in  the  hard,  massive  variety  of  ore  (analysis  4). 
Although  Tables  I  and  II  represent  a  much  greater  number  of  analyses 
than  Table  III,  the  latter  is  probably  more  trustw'orthy,  for  the  ore 
was  not  subjected  to  any  sorting  in  the  sampling.  The  higher  per- 
centage of  alumina  in  the  only  complete  analysis  in  Table  III  show^s 
that  much  more  slate  was  included  in  the  ore  than  would  be  inferred 
from  the  other  analyses.  The  average  iron  content  of  the  five  sani- 
ples  calculated  as  Fefi^  is  46.14  per  cent  as  opposed  to  68.73  per 
cent,  the  average  obtained  from  the  analyses  of  Tables  I  and  II. 
The  silica  is  also  much  higher,  averaging  38.73  as  against  20.78. 

Calculating  the  iron  as  FcgOg,  the  sulphur  as  SO^,  the  manganese  as 
MnOg,  and  the  phosphorus  as  P2O5,  the  complete  analysis  of  sample 
1  of  Table  III  would  be— 

Complete  analysis  of  sample  of  gray  iron  ore  from  Tallaseekatchee  mine. 

SiOa 32.  71 

AI2O3 10. 18 

FeaOg 50. 54 


P2O5. 
MnO<i 

SO2.. 
Ti02- 


.65 
.38 
.03 
.53 


95.02 


The  difference  betw^een  this  total  and  100  per  cent  is  probably 
mainly  IlgO. 

ORIGIN   OF    THE    ORE. 

The  origin  of  the  gray  ores  of  Alabama  has  been  discussed  in  some 
of  the  earlier  reports,  but  misconceptions  regarding  the  precise  char- 
acter of  the  ore  have  led  to  untenable  hypotheses.     In  the  earliest 
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work  of  the  Alabama  survey  it  was  stated  that  the  ^'magnetite''  or 
gray  ore  represented  a  beach  accumulation  of  black  sand,  such  as 
occurs  at  many  places  along  the  seashore  at  the  present  day.  This 
hypothesis  has  persisted  practically  down  to  the  present  time.  Care- 
ful microscopic  examination,  however,  fails  to  show  that  the  grains 
had  been  water  rounded.  In  fact,  much  of  the  ore  has  been  carried 
into  its  present  position  since  the  sedimentary  rocks  became  thor- 
oughly consolidated.  This  fact  is  proved  by  numerous  specimens 
collected  and  preserved  by  the  United  States  Geological  Survey, 
which  show  the  ore  occurring  on  joint  planes  of  the  quartzite  at  right 
angles  to  the  bedding.  Then,  again,  m^icroscopic  study  shows  that 
many  of  the  grains  of  iron  ore  have  clean,  sharp  crystalline  outlines, 
which  could  only  be  the  case  if  the  or«  had  been  formed  where  it  is 
now  found ;  otherwise  the  grains  would  have  been  rolled  and  abraded 
until  little  of  their  crystalline  form  remained. 

Another  vital  objection  to  the  idea  of  beach  accumulation  of  mag- 
netite is  the  fact  that  by  far  the  larger  portion  of  iron  is  hematite. 
According  to  the  analysis  of  the  average  sample  already  noted, 
hematite  formed  97  per  cent  and  magnetite  only  3.  per  cent  of  the 
entire  iron  content  of  the  ore.  It  is  therefore  evident. that  the  ques- 
tion of  the  origin  of  the  ore  concerns  the  origin  of  hematite  rather  than 
magnetite.  Beach  accumulations  of  hematite  are  practically 
unknown,  so  that  it  is  necessary  to  believe  either  that  the  hematite 
wa&  derived  subsequently  from  magnetite  or  the  beach  accumulation 
hypothesis  must  be  discarded.  Although  instances  of  alteration  of 
magnetite  into  hematite  are  known,  they  are  by  no  means  common 
under  the  conditions  which  must  have  existed  in  Talladega  County  in 
the  geologic  past.  Besides,  it  has  been  proved  that  the  hematite  was 
formed  earlier  than  the  magnetite.  The  idea  that  these  iron  ores 
were  originally  magnetites  which  have  since  been  metamorphosed, 
mainly  through  deformation  and  consequent  reformation  of  the  dif- 
ferent minerals,  must  therefore  be  abandoned. 

It  has  also  been  suggested  that  the  ores  were  originally  deposited  in 
the  form  of  an  impure  carbonate  ore  which  was  subsequently  acted 
upon  by  great  pressure,  heat,  and  moisture.  These  processes  changed 
the  ore  into  a  magnetite  and  decreased  its  volume  to  about  one-half  its 
original  size.  This  h3rpothesis  also  seems  untenable.  In  the  first 
place  the  ore  is  not  magnetite.  But  even  neglecting  this  point  and 
substituting  hematite  for  magnetite — for  the  theory  applies  nearly 
equally  well  for  either — there  seems  to  be  no  good  way  of  accounting 
for  the  almost  entire  lack  of  lime  either  in  the  ore  itself  or  in  the  adja- 
cent rocks.  If  lime  were  originally  present  it  must  have  gone  some- 
where, and  must  have  enriched  some  region  with  exactly  the  same 
amount  of  lime  that  was  lost  by  the  iron  ores.     In  Alabama  there 
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is  no  evidence  of  any  such  enrichment.  Neither  is  there  any  evi- 
dence of  a  decided  change  of  volume  of  the  ore  bodies  such  as  this 
hypothesis  would  entail. 

It  has  also  been  suggested  that  these  ores  may  represent  very  basic 
intrusions  rich  in  iron.  Such  a  hypothesis,  however,  is  impossible, 
for  the  ores  show  stratification.  This  stratification  is  recognized  by 
distinct  differences  in  texture  and  is  not  at  all  to  be  confused  with 
cleavage.  Therefore,  as  the  rocks  show  stratification  it  is  evident 
that  they  can  not  be  igneous. 

From  a  study,  in  both  the  field  and  laboratory,  of  the  conditions 
under  which  the  ores  occur  it  seexns  clear  that  the  gray  ores,  in  some 
stage  of  their  development,  have  been  hydrated  iron  ores,  and  that 
their  present  form  is  due  to  the  dehydration  of  the  original  limonite 
by  the  heat  and  pressure  produced  by  regional  deformation.  Where 
such  metamorphism  affects  a  deposit  of  limonite  the  first  result  is  to 
drive  off  the  water,  thus  forming  hematite.  If,  however,  under  the 
conditions  of  metamorphism  the  ore  body  was  shut  off  from  a  suffi- 
cient oxygen  supply,  so  that  the  iron  could  not  be  completely  oxi- 
dized, or  if  there  were  CO  or  some  other  deoxidizing  agent  present, 
the  result,  as  shown  by  Van  Hise,  would  be  a  change  of  the  hematite 
into  magnetite  and  carbon  dioxide.  The  formula  for  this  change 
would  be  3Fe203+CO  =  2Fe304  +  C02.  If,  then,  there  were  present 
at  the  time  of  metamorphism  enough  oxygen  to  completely  oxidize 
a  large  part  but  not  all  of  the  iron,  the  result  would  be  the  formation 
of  a  deposit  of  hematite  with  smaller  amounts  of  magnetite.  The 
abundance  of  the  magnetite  therefore  varies  inversely  with  the 
amount  of  oxygen. 

The  belief  that  the  gray  ores  were  at  one  time  in  the  form  of  limon- 
ite is  based  mainly  upon  their  field  occurrence.  In  many  parts  of  the 
field  brown  ore  deposits  occur  at  essentially  the  same  geologic  horizon 
as  the  gray  ores,  and  in  a  few  places  this  connection  is  so  close  that 
the  gray  ore  can  be  traced  into  brown  ore.  The  composition  of  the 
ores,  with  their  high  phosphorus  and  silica  content,  also  strongly 
suggests  their  common  origin. 

While  the  gray  ores  have  probably  been  through  the  limonite  stage 
it  is  not  believed  that  the  limonite  was  necessarily  the  original  form 
in  which  the  iron  ore  was  deposited.  The  ore  occurrence  on  the 
northwest  flanks  of  the  Kahatchee  Hills,  already  described,  illus- 
trates this  point.  At  this  place  a  bed  of  quartzite  ^as  found  which 
had  been  opened  for  brown  iron  ore.  After  a  few  tons  of  this  had 
been  mined  and  the  pit  excavated  to  a  depth  of  about  5  feet  the  ore 
gave  place  to  a  disseminated  pyrite  body.  Here  the  limonite  was 
undoubtedly  the  residual  concentration  remaining  after  the  decom- 
position and  oxidation  of  the  pyrite.  The  most  interesting  point, 
however,  in  connection  with  this  occurrence  is  the  fact  that  on  the 
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strike,  not  over  100  yards  distant,  there  is  a  bed  of  quartzitic  gray  ore 
which  seems  to  be  a  direct  prolongation  of  the  bed  of  pyrite.  In  this 
place^  at  least,  it  would  seem  that  the  gray  ore  had  been  derived  from 
pyrite,  perhaps  having  been  limonite  in  an  intermediate  state.  Van 
Hise,  however,  in  his  monograph  on  metamorphism "  notes  that 
oftentimes  the  sulphides  may  be  directly  converted  into  hematite 
through  heat  and  pressure.  It  is  possible,  therefore,  that  the  pyrite 
may  have  altered  directly  into  hematite  without  having  passed  into 
the  form  of  limonite.  Further  evidence  along  the  same  line  is 
afforded  by  the  ore  itself,  which  in  many  places  shows  areas  of  limon- 
ite that  were  apparently  derived  from  an  iron  sulphide. 

From  the  facts  just  stated  it  would  seem  that  the  iron  ores  are  pre- 
sumably derived  from  two  sources.  The  first  of  these  sources  is 
pyrite,  which  may  have  been  formed  through  the  precipitation  of  iron 
solutions  by  the  decomposition  of  organic  matter  in  the  quartzite. 
The  second,  and  probably  by  far  the  most  important  source,  was 
limonite,  which  was  collected  in  certain  horizons  where  relatively 
impervious  strata  succeeded  relatively  porous  beds  and  so  arrested 
the  free  circulation  of  the  descending  ore-bearing  solutions.  These 
limonite  beds  were  subsequently  metamorphosed  by  the  great  folding 
and  f^ult  movements  that  the  region  suffered  during  the  period  of 
mountain  building.  Where  the  metamorphism  was  moderate  and 
where  there  was  sufficient  oxygen  the  limonite  was  simply  dehy- 
drated into  hematite.  Where,  however,  the  amount  of  oxygen  was 
not  quite  sufficient  to  oxidize  all  the  iron  the  limonite  changed  into 
hematite  with  some  magnetite,  the  relative  amount  of  the  two  min- 
erals depending  upon  the  amount  of  oxygen  present. 

Some  proof  of  this  hypothesis  is  afforded  by  the  distribution  of  the 
different  ores.  At  Columbiana,  where  the  rocks  are  but  slightly 
metamorphosed,  the  ore  is  a  reddish  hematite  with  practically  no 
magnetite.  In  the  range  near  Mesaba  and  Emauhee  the  rocks  are 
more  metamorphosed  and  the  magnetite  increases  perceptibly.  In 
another  range  in  the  very  highly  metamorphosed  belt  near  Chula- 
finnee,  in  Cleburne  County,  an  iron  ore  which  seems  to  occur  under 
nearly  the  same  conditions  as  the  ore  in  Talladega  County  is  almost 
entirely  magnetite. 

ECONOMIC  IMPORTANCE  OF  THE  ORES. 

In  regard  to  the  economic  importance  of  these  ores  there  are  four 
main  points  which  must  be  considered,  namely,  cost  of  mining, 
value  of  ore,  cost  of  smelting,  and  opportunities  for  marketing  prod- 
uct. To  determine  the  cost  of  mining  it  is  necessary  to  consider 
the  charges  for  timber,  powder,  steel,  labor,  handling  of  ore  and 
waste  underground  and  on  the  surface,  and  pumping.     The  cost  for 

oMon.  U.  S.  Gcol.  Survey,  vol.  47,  1904. 
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timbering  will  generally  be  rather  low,  for  the  roof  stands  wiell.  In 
the  Emauhee  mine  stulls  are  used  only  at  distant  intervals.  Even 
if  poor  ground  should  be  encountered  the  local  charges  for  timber  are^ 
so  low  that  the  cost  would  be  relatively  slight.  The  steel  and  powder 
charges  become  high  as  soon  as  the  hard  quart  zitic  ores  are  encoun- 
tered. In  the  slaty  ore  these  charges  decrease  to  practically  nothing. 
The  cost  of  labor  is  low,  as  is  usual  throughout  the  South.  This  low 
actual  cost  is  somewhat  fictitious,  for  the  labor  is  inefficient  and 
requires  much  supervision. 

The  heaviest  charges  are  those  incident  to  the  handling  of  the  ore 
and  slate  underground.  Owing  to  the  fact  that  the  ore  is  intimately 
interlaminated  with  slate,  a  large  amount  of  dirt  must  be  mined 
with  it.  This  is  costly  to  handle  and  reduces  the  tenor  of  the  ore. 
It  would  probably  be  desirable  to  hand  pick  or  wash  the  ore,  but 
either  of  these  operations  would  add  gfie  more  item  to  the  cost  of 
mining.  The  faulted  character  of  many  of  the  veins  necessitates 
much  prospecting  and  makes  the  mining  less  systematic  than  in 
more  regular  deposits.  Thus  considerable  extra  dead  work  is  per- 
formed and  extra  tramming  and  handling  charges  have  to  be  met. 
Very  few  data  are  available  as  to  the  wetness  of  the  mines.  It  is  pre- 
sumable, however,  that  the  pumping  charges  would  be  moderate,  for 
the  quartzitic  beds  seem  to  be  quite  impervious.  "     . 

Concerning  the  value  of  the  ore  mined  the  three  tables  of  chemical 
analyses  should  answer  the  question  effectively.  It  should  be  borne 
in  mind,  however,  that  the  analyses  in  Table  III  are  of  much  greater 
value  than  those  shown  in  either  of  the  other  two  tables.  The 
analyses  in  Table  III,  as  before  noted,  were  not  made  from  selected 
samples,  but  from  samples  taken  across  the  entire  width  of  the 
vein,  including  any  slate  partings  that  would  necessarily  have  to  be 
mined  and  could  not  readily  be  hand  picked.  The  character  of  the 
ore  in  other  essential  particulars  is  also  well  shown  by  these  tables. 
The  phosphorus  content  is  too  high  for  Bessemer  iron,  but  as  much 
of  the  southern  iron  at  the  present  time  is  open-hearth  iron,  this  is 
not  much  of  a  drawback.  There  is  also  a  variable  but  rather  high 
amount  of  sulphur,  which  would  make  the  resulting  steel  brittle. 

There  are  two  ways  of  economically  reducing  this  ore:  (1)  Smelting 
independently  and  (2)  smelting  in  combination  with  other  ores.  In 
smelting  several  factors  need  to  be  considered,  especially  flux  and 
fuel.  The  flux  can  be  easily  obtained  from  the  limestones  and  dolo- 
mitic  limestones  on  either  flank  of  the  ridge.  The  relative  values  of 
pure  limestone  and  dolomitic  limestone  as  flux  are  still  undeter- 
mined. Authorities,  however,  seem  united  in  believing  that  if  there 
is  a  small  percentage  of  alumina  in  the  ore  some  dolomite  is  at  least 
no  drawback.  The  flux  question  is  therefore  easily  settled,  for  any- 
where along  the  range  limestone  can  be  obtained  within  a  distance  of 
at  most  half  a  mile  from  the  iron  ore. 
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The  fuel  supply  is  not  a  troublesome  question,  for  coal  may  be 
obtained  from  the  Birmingham  district  at  a  distance  of  not  over  50 
miles  from  any  point  in  the  field.  This  coal  is  of  good  quality  and  is 
extensively  used  throughout  the  whole  Birmingham  district.  Its 
sulphur  content  is  about  1  per  cent. 

With  such  a  siliceous  ore  the  cost  for  flux  and  fuel  will  be  high, 
and  it  would  therefore  seem  expedient,  where  possible,  to  use  the 
ore  in  combination  with  other  ores  which  need  a  siliceous  mixture. 
In  Alabama,  at  the  Clinton  horizon,  there  is  a  great  deal  of  red  iron 
ore  which  is  so  rich  in  lime  that  it  is  more  than  self-fluxing.  In  the 
leached  zone,  above  water  level,  much  of  the  lime  has  been  removed 
from  the  red  ores.  Below  water  level,  however,  the  lime  content 
becomes  so  high  that  it  is  necessary  to  add  siliceous  ore  to  counteract 
the  excess  lime.  At  the  present  time  the  brown  ores  or  limonites 
with  high  silica  afford  a  good  mixture.  In  the  future,  however,  the 
supply  of  brown  ore  will  probably  not  be  sufficient  to  meet  the 
demand,  and  in  that  case  other  siliceous  ores  will  become  more 
desirable  than  they  are  at  the  present  time.  The  reduction  of  the 
ore  that  is  more  than  self-fluxing  requires  practically  the  same 
amount  of  fuel,  etc.,  as  that  of  the  ore  that  is  just  self -fluxing.  It  is 
therefore  desirable  that  the  mixture  should  be  nearly  self-fluxing. 
If  each  ton  of  more  than  self-fluxing  mixture  requires  the  addition 
of  a  quarter  of  a  ton  of  siliceous  ore  to  make  it  just  self-fluxing,  it 
it  evident  that  the  iron  of  the  siliceous  ore  can  be  won  for  practically 
the  same  price  as  the  iron  of  the  limy  ore  alone.  It  would  therefore 
seem  advantageous,  where  the  iron  content  of  the  siliceous  ores  runs 
about  50  pet*  cent  metallic  iron,  to  ship  this  to  some  of  the  furnaces 
smelting  limy  ores  and  there  to  use  the  proper  mixture  of  the' two. 

Not  very  much  of  the  gray  ore  has  yet  been  used  in  furnaces,  so 
the  reports  regarding  its  behavior  in  the  furnace  are  not  based  on 
long  experience.  The  earlier  reports,  however,  stated  that  the-  gray 
ore  produced  an  iron  that  was  too  brittle  to  bear  its  own  weight. 
The  chemical  composition  of  the  ore,  however,  does  not  indicate 
that  this  should  be  the  case.  Reports  of  later  furnace  tests  seem  to 
be  much  more  satisfactory.  Thus  on  a  furnace  run  of  200  to  250 
tons  of  gray  ore  by  the  Vanderbilt  Iron  and  Steel  Company,  the 
report  was  that  ^Hhe  ore  worked  well  in  the  furnace,  but  contains  a 
little  too  much  magnesia  for  a  satisfactory  charcoal  iron." 

In  regard  to  marketing  the  product,  the  main  thing  to  consider  is 
the  proximity  to  railroads.  This  is  not  at  all  a  serious  question 
here,  for  no  point  in  the  entire  field  is  more  tjian  4  miles  from  a  rail- 
road, and  as  this  distanced  is  almost  entirely  through  open,  slightly 
rolling  country,  spurs  could  be  nm  to  a  mine  or  smelter  at  slight 
expense.  Furthermore,  three  railroads  cross  Talladega  County,  so 
that  competition  ought  to  keep  the  freight  rates  reasonable. 
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Regarding  the  other  conditions  of  marketing  the  products,  the 
same  facts  prevail  in  the  gray-ore  district  as  in  the  other  iron  regions 
of  Alabama.  It  therefore  may  be  instructive  to  compare  this  dis- 
trict with  the  well-known  and  successful  Birmingham  district,  noting 
wherein  the  costs  in  one  exceed  the  costs  in  the  other.  The  cost  of 
mining  gray  ore  will  necessarily  be  the  higher  on  account  of  its  mas- 
sive quartzitic  character,  the  interlamination  of  the  ore  and  slate, 
and  slope  rather  than  open-pit  mining.  The  cost  of  smelting  will  be 
considerably  lower  in  the  Birmingham  district,  owing  to  the  lesser 
cost  of  coal  haulage.  The  costs  of  marketing  the  product  from  both 
fields  will  be  practically  the  same.  It  seems  evident  that,  in  order  to 
offset  the  greater  cost  in  mining  and  smelting,  the  gray  ore  must  run 
at  least  5  points  higher  in  metallic  iron  than  the  Birmingham  ores. 


MAGNETITE    DEPOSITS   OF   THE    CORNWALL 
TYPE   IN   BERKS   AND   LEBANON 

COUNTIES,   PA. 


By  Arthur  C.  Spencer. 


In  the  autumn  of  1906  the  writer  began  a  systematic  study  cf 
those  magnetite  ores  in  eastern  Pennsylvania  that  are  associated 
with  intrusive  masses  of  diabase  at  or  near  the  edges  of  the  belt  of 
Mesozoic  rocks  which  enter  the  State  along  Delaware  River  above 
Trenton  and  continue  in  a  general  southwesterly  direction  to  the 
Maryland  line.  Observations  were  extended  over  the  eastern  por- 
tion of  this  belt  in  Bucks,  Montgomery",  Berks,  Lebanon,  and  Lan- 
caster counties,  Pa.,  with  the  special  view  of  acquiring  personal 
knowledge  of  the  stratigraphy  and  structure  of  the  Mesozoic  sedi- 
mentary rocks  and  their  relations  to  the  igneous  masses  inclosed  by 
them.  It  was  rightly  expected  that  this  general  study  would  con- 
tribute to  a  better  understanding  of  the  geologic  relations  of  the 
known  ore  deposits  and  that  it  might  reveal  data  which  would  show 
where  practical  exploration  might  be  undertaken  for  ore  bodies  that 
do  not  appear  at  the  surface. 

To  complete  the  investigation  as  planned,  certain  parts  of  the 
region  already  covered  must  be  studied  in  greater  detail,  and  obser- 
vations must  be  carried  across  western  Lancaster,  Dauphin,  York, 
and  Adams  counties.  Pa.,  and  thence  along  the  continuation  of  the 
Newark  belt  into  Maryland.  It  is  hoped  that  this  work  may  be 
done  early  in  the  season  of  1907. 

In  this  preliminary  report  no  attempt  is  made  to  set  forth  in 
detail  the  scientific  basis  for  the  conclusions  that  have  been  reached 
concerning  the  origin  of  the  deposits  of  magnetite  ore,  the  present 
object  being  to  present  practical  suggestions  that  seem  warranted 
by  the  investigation  in  its  present  state  of  progress.  Though  full 
consideraticm  of  the  origin  of  the  magnetites  may  wait  until  the 
entire  field  has  been  studied,  the  writer's  general  conclusions  on  this 
point  are  given,  since  the  manner  and  conditions  of  ore  formation 
must  form  a  starting  point  for  all  practical  suggestions  looking  to 
the  discovery  of  deposits  as  yet  unknown. 
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Magnetite  ores  of  the  same  general  type  have  been  worked  on  a 
considerable  scale  in  Berks  County  at  Boyertown;  at  two  localities 
south  of  Reading;  near  Fritztown,  about  7  miles  southwest  of  Read- 
ing, and  near  Joanna  station,  2i  miles  northeast  of  Morgantown;  in 
Lebanon  County  at  the  Cornwall  ore  banks,  and  in  York  County  at 
various  points,  but  especially  near  Dillsburg.  Of  these  deposits,  only 
one,  that  at  Cornwall,  is  now  worked  in  a  large  way,  though  the 
several  former  interests  at  Boyertown  have  recently  been  acquired 
by  the  Boyertown  Ore  Company,  and  it  is  expected  that  these  mines 
at  an  early  date  will  again  soon  be  in  operation.  Mining  in  a  small 
way  is  in  progress  at  the  Wheatfield  group  near  Fritztown,  for  the 
purpose  of  procuring  surface  ore.  The  Island  and  Raudenbusch 
mines,  near  Reading,  have  been  abandoned,  the  former  for  nearly 
twenty  years  and  the  latter  for  a  longer  time.  All  the  deposits 
named  are  situated  at  the  northern  edge  of  the  Mesozoic  Newark  belt, 
and  the  ore  at  all  places  appears  to  lie  in  limestones  or  limy  shales 
that  belong  to  the  Paleozoic  series  rather  than  in  strata  of  the  Mesozoic 
system  itself.  The  Jones  mine,  near  Joanna  station,  is  situated  at 
the  southern  edge  of  the  Mesozoic  belt  and  the  deposit  is  in  Paleozoic 
strata  capped  by  Mesozoic  beds. 

The' above  statement  concerning  the  stratigraphic  position  of  the 
deposits  is  practically  in  accord  with  the  opinion  expressed  by  Lesley 
and  d'lnyilliers  in  their  very  clear  description  of  the  Cornwall  mine.^ 
All  authorities  seem  to  agree  that  in  York  County  the  ores  are  con- 
tained in  Mesozoic  strata,  and  it  may  be  remarked  that  in  at  least 
three  places  in  Berks  County  minor  deposits  of  magnetite  have  been 
noted  at  the  contact  of  invading  masses  of  diabase  with  sandstones 
and  shales.  ' 

A  natural  deduction  to  be  drawn  from  the  conclusioii  that  all  the 
known  large  ore  deposits  of  the  Cornwall  type  are  associated  with 
Paleozoic  limestones  or  limy  shales  is  that  exploration  for  other 
deposits  of  a  similar  nature  is  most  likely  to  be  rewarded  if  confined 
to  localities  where  similar  rocks  occur.  Though  this  is  a  practical 
point  taken  by  itself,  it  is  so  indefinite  as  to  be  of  no  great  value  to 
the  prospector,  for  Paleozoic  limestones  are  of  wide  occurrence  both 
north  and  south  of  the  Newark  belt.  Some  other  criterion  is  there- 
fore required,  and  such,  it  is  believed,  is  found  in  the  fact  that  intru- 
sive diabase  at  all  places  lies  close  to  and  at  most  places  in  actual 
contact  with  ore  deposits  of  the  Cornwall  type.  This  fact  is  brought 
out  by  every  published  description  of  the  magnetite  deposits,  and 
the  present  investigation  has  served  to  emphasize  both  the  size  of 
these  igneous  masses  and  the  importance  of  their  relation  to  ore 
deposits. 

It  is  the  writer's  view  that  the  intrusive  masses  of  diabase  have 
been  active  agents  in  segregating  the  iron  contained  in  the  various 

o  Ann.  Rept.  Secoad  Oeol.  Survey  Pennsylvania,  1885,  pp.  491-570. 


MAGNETITE    IN    BERKS    AND    LEBANON    COUNTIES,  PA.  187 

deposits;  or,  in  other  words,  that  the  masses  of  ore  are  products  of 
contact  metamorphism.  Briefly  stated,  the  theory  of  their  origin, 
which  seems  to  be  indicated  by  all  the  facts  that  have  been  noted 
concerning  their  geological  relations,  is  that  the  magnetite  ore  bodies 
of  the  Cornwall  type  have  been  formed  by  the  more  or  less  complete 
metasomatic  replacement  of  sedimentary  rocks,  mainly  limestones 
and  limy  shales,  by  iron  minerals  precipitated  from  percolating  heated 
solutions  set  into  circulation  by  invading  diabase. 

Diabase  is  associated  with  each  of  the  known  ore  bodies,  but  the 
counter  proposition  that  each  mass  of  diabase  should  furnish  one  or 
more  ore  deposits  is  neither  warranted  by  the  observed  facts  nor 
required  by  the  theory  here  proposed.  As  a  matter  of  observation, 
it  is  to  be  noted  that  in  Lebanon,  Lancaster,  Berks,  and  Montgomery 
counties  no  industrially  important  magnetite  deposits  have  been  dis- 
covered within  the  Mesozoic  area.  Such  properties  as  the  Esterly 
mine,  situated  4  miles  northwest  of  Birdsboro;  the  Wren  mine,  1 
mile  southwest  of  Boyertown;  and  certain  prospects  near  the  north- 
west fork  of  Perkiomen  Creek,  about  5  miles  northeast  of  Boyertown, 
exhibit  relatively  small  masses  of  magnetite,  more  or  less  mixed  with 
pyrite,  segregated  at  the  contact  between  greatly  baked  shales  and 
intrusive  diabase.  At  two  of  these  places  the  dip  of  the  contact  is 
greater  than  45°,  while  at  the  third  place — the  locality  northwest  of 
Boyertown — the  dip  of  the  contact  may  be  as  low  as  20°,  and  the 
deposit  here  is  smaller  than  the  deposits  at  the  other  places.  Here 
it  is  notable  that  the  diabase  mass  next  to  which  the  ore  occurs  is 
one  of  the  larger  masses  of  the  region  and  one  around  which  there  is 
more  than  the  usual  amount  of  alteration  in  the  invaded  sandstones. 

On  comparing  these  unimportant  deposits  with  those  in  the  more 
or  less  extensively  productive  mines  where  Paleozoic  strata  are 
involved,  it  must  be  concluded  that  the  sandstones,  conglomerates, 
and  shales  of  the  Mesozoic  system  have  been  very  much  less  suscep- 
tible to  replacement  by  iron-bearing  solutions  than  the  calcareous 
strata,  mainly  limestones  and  limy  shales,  of  the  older  formations. 
The  unequal  effects  of  intrusive  masses  in  causing  the  metamorphism 
of  siliceous  and  calcareous  rocks  invaded  by  them,  and  especially  the 
greater  frequency  of  metalliferous  segregations  of  contact  origin  in 
limestones  than  in  shales  and  sandstones,  are  facts  of  common  observa- 
tion in  many  fields.  Large  ore  bodies  composed  of  magnetite, 
pyrite,  and  chalcopyrite  that  were  evidently  formed  by  the  replace- 
ment of  limestone  at  or  near  igneous  contacts  are  worked  at  several 
places  in  California,  British  Columbia,  and  Alaska  for  the  copper 
which  they  contain,  and  throughout  this  region  the  presence  of  lime- 
stone seems  to  be  essential  for  the  existence  of  a  valuable  ore  deposit, 
contacts  of  intrusive  rocks  with  other  sediments  being  far  less  favor- 
able for  the  occurrence  of  ore  bodies. 
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Diabase  intrusions  are  characteristic  of  the  Mesozoic  Newark  system 
throughout  practically  its  whole  extent,  from  Nova  Scotia  to  Rich- 
mond, Va.,  and  occur  at  but  few  places  outside  of  this  Mesozoic  belt. 
Where  they  do  so  occur  they  are  found  mainly  at  no  great  distance 
from  the  edge  of  the  Mesozoic  belt,  and  few  of  them  are  masses  of 
considerable  size. 

At  most  places  within  the  Mesozoic  area  the  diabase  occurs  as 
extensive  and  relatively  thin  sills  between  strata  of  sandstone  and 
shale.  Local  cross-cutting  may  be  observed,  and  in  certain  places 
the  invading  rock,  though  following  a  group  of  strata,  cuts  back  and 
forth  across  the  beds  of  the  group.  It  is  believed  that  when  masses 
of  essentially  like  size  are  compared  intrusions  of  this  sort  offer  con- 
ditions that  are  distinctly  less  favorable  to  intense  metamorphism 
than  those  presented  by  extensively  cross-cutting  bodies.  A  deep- 
seated  source  for  the  molten  rock  must  be  admitted,  and  in  order  to 
reach  the  position  it  now  occupies  the  diabase  must  have  cut  through 
the  rocks  that  form  the  basement  of  the  Mesozoic  system  and  across 
the  lower  strata  of  the  latter  as  well.  Lateral  spreading  of  the  invad- 
ing magma  could  have  occurred  only  at  relatively  shallow  depths, 
where  the  weight  of  overlying  strata  would  be  not  too  great  to  be 
lifted  by  the  pressure  acting  upon  the  molten  rock.  Masses  of  molten 
rock  injected  between  the  strata  to  considerable  distances,  especially 
if  the  strata  lie  at  low  angles,  become  isolated  from  the  main  source 
of  intrusion.  It  is  evident,  therefore,  that  the  degree  of  alteration  of 
the  inclosing  rocks  depends  wholly  on  the  amount  of  energy  residing 
in  the  heated  mass  at  the  time  of  its  injection.  This  would  of  neces- 
sity be  a  limited  source  of  metamorphism.  On  the  other  hand,  the 
more  steeply  inclined  fissures  through  which  the  sills  are  supposed  to 
have  been  fed  would  afi'ord  direct  connection  with  the  original  source 
of  energy,  so  that  transfer  of  heat  and  the  movement  of  mineralizing 
waters  would  here  be  continued  through  a  much  longer  period. 

Undoubtedly  difi'erent  masses  of  diabase  within  the  same  general 
field  may  have  differed  greatly  in  respect  to  efficiency  in  producing 
metamorphism,  but,  other  things  being  equal,  the  amount  of  variatign 
in  the  directness  of  their  paths  from  the  original  reservoir  must  have 
been  a  very  important  factor  in  determining  the  relative  amount  of 
alteration  which  different  masses  could  have  produced.  The  forego- 
ing considerations  indicate  certain  practical  suggestions  to  searchers 
for  iron  ores  in  this  field : 

(1)  Ore  bodies  should  be  sought  only  at  or  near  the  walls  of  masses 
of  diabase. 

(2)  Large  masses  of  diabase  are  more  favorable  for  ore  deposits 
t  iian  smaller  masses. 

(8)  Cross-cutting  intrusions  and  highly  inclined  sills  are  more 
favorable  than  sills  of  low  inclination. 


MAGNETITE   IN   BERKS   AND   LEBANON    COUNTIES,  PA.  189 

^     (4)  Limestones  and  limy  shales  are  far  more  likely  to  be  replaced 
by  ore  than  clay  shales  or  sandstones. 

(5)  Particularly  favorable  locations  for  ore  are  found  in  masses  of 
limestone  that  lie  between  masses  of  diabase  and  beds  of  strata  that 
are  in  a  marked  degree  less  susceptible  to  the  metamorphosing  influ- 
ence of  the  igneous  rocks. 

(6)  The  most  promising  situations  will  be  found  at  places  where 
the  largest  number  of  the  above  favorable  conditions  occur  in  com- 
bination. 

Many  or  all  of  the  more  favorable  conditions  enumerated  existed 
at  places  where  the  larger  ore  deposits  of  the  Cornwall  type  were 
formed,  and  as  several  of  these  conditions  may  be  fairly  inferred  to 
exist  at  a  few  other  localities,  still  other  deposits  of  iron  ore  may  yet 
be  found  in  the  same  general  field.  With  a  view  to  pointing  out 
these  supposedly  favorable  situations  descriptions  of  the  geologic 
conditions  in  several  districts  along  the  borders  of  the  Newark  belt 
have  been  prepared  and  will  be  presented  in  the  forthcoming  report. 
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THE  HARTVILLE  IRON-ORE  RANGE,  WYOMING 


By  Sydney  H.  Ball. 


INTRODUCTION. 

In  the  summer  of  1906  the  writer  spent  three  months  in  studying 
the  geology  and  the  iron-ore  deposits  of  the  Hartville,  Wyo.,  iron 
range.  The  following  preliminary  description  of  the  results  of  the 
work  will  be  followed  in  the  near  future  by  a  more  extended  article, 
accompanied  by  adequate  maps.  Some  of  the  conclusions  here  stated 
may  be  modified  by  a  more  detailed  study  of  collections  and  notes. 
The  writer  wishes  gratefully  to  acknowledge  his  indebtedness  to 
Supt.  Louis  B.  Weed,  Engineer  George  C.  Botsford,  and  Capt.  Thomas 
Tucker,  of  the  Colorado  Fuel  and  Iron  Company;  to  Mr.  C.  A.  Guern- 
sey, of  Guernsey,  and  to  Messrs.  Lauck  &  Stein,  of  Frederick. 

The  literature  concerning  the  iron  of  the  Hartville  range  is  summa- 
rized in  the  following  bibliography: 

RicKETTS,  Louis  D.,  Ann.  Rept.  Territorial  Geologist  to  the  Grovemor  of  Wyoming, 
Jan.,  1888,  Cheyenne,  Wyo.,  pp.  64-68.  Briefly  describes  the  geology  and  men- 
tions the  presence  of  large  bodies  of  iron  ore  near  Sunrise. 

RicKETTS,  Louis  D.,  Ann.  Rept.  Territorial  Geologist  to  the  Governor  of  Wyoming, 
Jan.,  1890,  Cheyenne,  Wyo.,  pp.  51-61.  Briefly  describes  the  geology  and  reports 
upon  the  ore  deposits  in  considerable  detail,  dividing  them  into  three  classes: 
(1)  Lenticular  masses  between  walls  in  crystalline  slates,  (2)  stratified  deposits 
at  the  base  of  the  cap  rock  (Guernsey  formation),  and  (3)  residual  deposits.  He 
describes  in  detail  the  development  of  the  Sunrise  mine  and  the  presence  of  ore 
in  a  number  of  other  claims  in  the  near  vicinity,  and  from  its  trend  infers  that 
the  ore  of  the  Chicago  claim  is  an  extension  of  the  Sunrise  deposit.  He  gives  a 
number  of  analyses  of  iron  ore,  all  of  wKich  are  notably  high  in  iron  and  low  in 
phosphorus  and  silica. 

Knight,  Wilbur  C,  Bull.  14,  Wyoming  Experiment  Station,  University  of  Wyoming, 
Laramie,  Wyo.,  Oct.,  1893,  pp.  176-177. 

Snow,  E.  P.,  Eng.  and  Min.  Jour.,  vol.  60,  pp.  320-321,  1895.  General  description. 
Mentions  mining  by  the  Indians.     Estimates  ore  in  sight  at  10,000,000  tons. 

Chance,  H.  M.,  The  iron  mines  of  Hartville,  Wyoming:  Trans.  Am.  Inst.  Min. 
Eng.,  vol.  30,  pp.  987-1003.  In  this  excellent  report  Mr.  Chance  describes  the 
original  pre-Cambrian  lenses  of  ore,  as  well  as  the  deposits  at  the  base  of  the 
Guernsey,  and  in  addition  placer  and  residual  deposits.  He  gives  a  number  of 
analyses  of  the  ores.  Mr.  Chance's  work  is  of  great  value,  since  he  records  the 
conditions  in  many  shafts  now  inaccessible.  This  paper  is  accompanied  by  a 
map  showing  the  location  of  the  principal  mines  and  prospects. 
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Smith,  W.  S.  T.,  and  Darton,  N.  H.,  Description  of  the  Hartville  quadrangle,  folio  91, 
U.  S.  Geol.  Survey,  1903.  Describes  the  general  geology,  geological  history,  and 
economic  geology  of  the  Hartville  quadrangle.     The  iron  ore  is  briefly  described. 

Beeler,  Henry  C,  Wyoming  mines  and  minerals  in  brief,  Cheyenne,  Wyoming,  1904, 
p.  6. 

Beeler,  Henry  C,  Report  of  the  State  Geologist  of  Wyoming,  Cheyenne,  Wyoming, 
1904,  p.  37. 

Brooks,  Bryant  B.,  The  State  of  Wyoming,  1905,  Sheridan,  Wyoming,  pp.  94-95. 

GEOGRAPHY   AND   HISTORY. 

• 

The  Hartville  iron  range,  lying  north  and  east  of  North  Platte 
River,  is  situated  in  Laramie  County,  in  east-central  Wyoming.  It 
forms  a  portion  of  the  Hartville  uplift,  a  broad  and  low  domal  moun- 
tain mass  similar  in  many  respects  to  the  Black  Hills  in  South 
Dakota.  The  maximum  height  of  the  uplift  is  about  6,000  feet 
above  sea  level,  and  the  region  is  one  of  comparatively  little  relief. 
Near  the  iron  mines  erosion  has  detached  many  hills  from  the  Car- 
boniferous plateau.  These  are  sharp  granite  peaks  or  flat-topped 
buttes  capped  by  horizontal  Carboniferous  rocks.  The  area  is  dis- 
sected by  intermittent  streams,  some  with  narrow  gulches  and  others 
with  broad,  wide  valleys.  The  climate  is  semiarid,  and  in  conse- 
quence timber  is  confined  to  the  higher  peaks.  Lower  elevations  are 
covered  sparsely  by  bunch  grass,  cactus,  and  low  desert  shrubbery. 

The  iron  range  extends  from  Guernsey  to  Frederick,  a  distance  of 
8  miles.  The  iron-bearing  rocks  reach  a  maximum  exposed  width  of 
3  miles.  The  productive  area  is,  however,  considerably  smaller  and 
extends  from  Sunrise  northeastward  2  miles  and  from  the  same  point 
southeastward  1  mile.  The  towns  of  the  iron  range  are  Sunrise, 
Hartville,  Ironton,  and  Guernsey.  The  principal  mine  of  the  range 
and  the  local  offices  of  the  Colorado  Fuel  and  Iron  Company  are  at 
Sunrise,  a  village  having  a  population  of  1,500.  Hartville,  a  town  of 
150  people,  is  supported  by  the  miners  of  Sunrise.  Ironton  is  the 
mining  cainp  of  the  Chicago  mine.  Guernsey  is  an  ore-shipping  town 
of  150  people.  The  Hartville  iron  range  has  two  railroads;  the  Colo- 
rado and  Wyoming  Railroad  extends  from  the  Colorado  and  Southern 
Railroad  at  Hartville  Junction  to  Sunrise  and  is  the  line  by  which  the 
Sunrise  ore  is  shipped;  the  Chicago,  Burlington  and  Quincy  Railroad 
has  built  a  branch  from  its  present  terminus  at  Guernsey  to  the 
Chicago  mine. 

The  history  of  the  Hartville  iron  range  may  be  divided  into  four 
periods:  (1)  That  during  which  the  Indians  mined  soft  ore  for  war 
paint;  (2)  a  period  stretching  from  1880  to  1887,  during  which  the 
range  was  a  copper-mining  district;  (3)  an  iron-prospecting  period 
extending  from  1888  to  1897,  and,  lastly,  the  period  of  productive 
mining,  from  1898  to  the  present  day. 
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The  value  of  the  irun  deposits  of  the  Hartville  iron  range  was 
proved  while  copper  was  being  mined  at  Sunrise.     With  the  exhaus- 


Hi 

Mil" 

T^— 

1 — 

1 — 

1 

rr— 

'j 

.  1     1     i    1 

1 

f. 

i 

■Si 

"v 

s 

ttwc 

z 

* 

^ 

( 

^"^ 

rede  ■ick~ 

"*'^ 

J1S?, 

f'o< 

.■erni 

lent! 

liTTn 

» 

nFsI  Bfichl 

r  ., 

'"t 

rH 

"" 

'"*• 

™-fli 

«„ 

^"''yS 

■-=■'+ 

> 

- 

Ha 

tvill 

^ 

fi" 

-^.> 

( 

!. 

iv, 

p". 

•r 

^   J 

§ 

P 

f 

■■ 

^4 

5 

1 

tank 

j 

1 

^ 

■iS. 

**"" 

<M 

s 

■^c' 

^^^ 

Xi 

> 

LEGEND 

^ 

r^ 

r 

(^ 

\ 

• 

f'lMTJspec'ts 

a-"^ 

^ 

N 

is 

^ 

t 

¥>^ 

V.!.t 

1 

-=# 

cw 

JS, 

1 

^ 

aran 

^ 

iL. 

tvlllp  uplift,  Lorttmle  County,  Wyo. 


tion  of  the  copper  deposits,  Messrs,  I.  S.  Bartlett  and  C,  A.  Guernsey 
began  to  prospect  for  iron  ore,  and  in  1900  Mr.  Guernsey,  having  seg- 
jvgated  most  of  the  larger  deposits,  sold  his  group  of  claims  to  the 
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Colorado  Fuel  and  Iron  Company.  Since  that  time  this  company  has 
been  adding  to  its  holdings  and  now  controls  most  of  the  more  valu- 
able claims.  It  is  rapidly  developing  two  mines,  the  Sunrise  and 
Chicago,  which  now  furnish  the  greater  portion  of  the  ore  used  at  its 
smelters  at  Pueblo,  Colo. 


PRODUCTION. 


The  production  of  the  Hartville  iron  range  is  tabulated  below: 

Production  of  Hartville  iron  range ,  1898-1906. 


Year. 

Mine. 

• 

Quantity. 

1888-99 

Good  Fort.nnft  minA , 

Long  tons. 
30,000 
73,663 
134, 161 

1900 .' 

Sunrise  mine 

1901 

do : 

1902 

do 

209,272 
214,880 
135, 167 

1903 

do 

1904.... 

do 

1905 

Sunrise  and  Chicago 

474,545 

1906 

do ." 

In  1905  the  Sunrise  mine  was  in  point  of  production  the  twentieth 
iron  mine  in  the  United  States,  but  two  mines  outside  of  the  Lake 
Superior  region  exceeding  it  in  output.  The  product  of  the  range 
shows  an  encouraging  increase,  which  will  presumably  become  greater 
from  year  to  year. 

GEOLOGY. 


STRATIGRAPHY. 

The  rocks  of  the  Hartville  iron  range  fall  naturally  into  three 
groups:  (1)  The  steeply  dipping  pre-Cambrian  rocks,  (2)  the'  flat- 
lying  or  gently  dipping  Carboniferous  and  Mesozoic  rocks,  and  (3)  the 
rocks  of  Tertiary  and  Recent  age  encircling  the  older  rocks  and  filling 
depressions  of  erosion  extending  up  into  them. 

The  pre-Cambrian  rocks  consist  of  metamorphosed  sedimentary 
rocks  and  of  igneous  rocks  and  their  mashed  equivalents.  The  oldest 
rocks  are  an  interbedded  series  of  siliceousvlimestones,  probably  dolo- 
mitic,  and  muscovitic  and  biotitic  schists.  In  all  there  appear  to  be 
about  fifteen  beds  of  limestone  and  schist,  which  alternate  with  one 
another.  The  beds  vary  in  thickness  from  20  to  500  or  more  feet. 
The  schist  also  occurs  as  lenses  in  the  Umestone,  these  lenses  grading 
both  parallel  to  and  across  their  longest  direction  into  rocks  that  are 
intermediate  in  composition  between  schist  and  limestone.  The 
limestone  is  typically  a  fine-grained  rock  of  pinkish  or  grayish  color 
and  has  a  conchoidal  fracture.  Lenses  and  beds  of  cream-colored 
flint  lie  parallel  to  the  original  planes  of  stratiflcation  and  to  a  minor 
extent  cut  these.    The  schists  vary  in  color  from  silvery  to  very  dark 
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gray.  They  are  typically  fine  grained  and  pass  from  biotitic  to  mns- 
covitic  varieties  both  along  and  across  the  bedding.  Slaty  schists 
and  siliceous  schists  also  occur.  Interbedded  with  this  old  series  are 
thin  beds  and  lenses  of  gray  quartzose  rock  and  dark-brown  or  black 
jaspers. 

In  the  broad  schist  area  east  of  Sunrise  a  second  sedimentary 
series  lies  unconformably  upon  the  uppermost  bed  of  the  series  just 
described.  The  unconformable  character  of  this  series  is  indicated  by 
its  location  in  synclinal  troughs  upon  the  uppermost  beds  of  the  older 
rock  series,  which  is  folded  into  a  syncline,  by  a  conglomerate  that  is 
present  in  some  places  at  its  base,  by  the  fact  that  it  slightly  cuts 
across  the  beds  of  the  older  formation,  and  by  its  sharp  contacts  with 
and  lithological  diflFerences  from  the  older  formation.  This  second 
series  of  sedimentary  rocks  is  composed  of  gray,  thoroughly  crystal- 
line quartzose  rocks,  which  are  at  some  places  conglomeratic  and  at 
others  nonconglomeratic.  Associated  with  these  altered  sandstones 
are  beds  of  jasper,  which  vary  in  color  from  gray  through  browns  and 
reds  into  black.  The  banding  of  the  jaspers  is  at  some  places  close. 
Although  most  of  the  exposures  are  too  poor  to  determine  the  younger 
age  of  the  quartzose  rocks  and  jaspers  of  all  the  areas,  there  is  no 
doubt  that  two  sedimentary  series  occur  in  the  pre-Cambrian  of  this 
district  and  that  many  of  the  areas  of  siliceous  rocks  are  younger  than 
the  schist-limestone  series. 

The  next  youngest  pre-Cambrian  rocks  are  gabbros,  diorites,  and 
allied  porphyries  and  the  same  rocks  mashed  into  hornblende  and 
chloritic  schist.  These  rocks  grade  into  one  another.  At  most 
places  these  igneous  rocks  are  intrusive  in  the  older  pre-Cambrian 
sedimentary  series.  It  is  possible,  however,  that  some  of  the  chloritic 
and  hornblende  schists  may  represent  later  basic  lava  flows.  The  age 
relation  of  the  rocks  of  the  third  to  those  of  the  second  pre-Cambrian 
series  is  unknown,  since  at  no  place  were  the  two  observed  in  contact, 
although  it  is  believed  from  differences  in  the  amounts  of  folding 
suffered  by  the  two  formations  that  the  sedimentary  is  the  older 
series.  The  intrusion  of  the  gabbros  and  the  diorite  was  followed  by 
that  of  a  coarse-grained  pink  biotite  granite,  which  at  many  places 
contains  large  feldspar  crystals.  It  occurs  in  rounded,  intrusive 
masses  characterized  by  but  few  offshoots  and  in  isolated  dikes. 
ApUtes  and  pegmatites  allied  in  composition  to  the  granite  followed 
its  intrusion.  The  last  of  the  pre-Cambrian  series  is  a  diabase  which 
occurs  in  dikes  that  are  sparsely  distributed  throughout  a  wide  area. 

The  Carboniferous  series  alone  of  the  Paleozoic  and  Mesozoic  rocks 
occurs  in  the  immediate  vicinity  of  the  ore  deposits.  The  Carbon- 
iferous consists  of  a  basal  member,  the  Guernsey,  and  an  upper  mem- 
ber, the  Hartville  formation.  The  Guernsey  is  normally  150  feet 
thick  and  comprises  at  its  base  either  a  conglomeratic  quartzite,  a 
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quartzite,  or  a  limestone  containing  sand  grains.  The  upper  part  of 
the  formation  is  composed  of  massive  beds  of  gray  limestone.  Prior 
to  the  deposition  of  the  Guernsey  formation  the  pre-Carboniferous 
land  surface  was  reduced  to  a  peneplain.  The  contact  between  the 
pre-Cambrian  and  Carboniferous  rocks  is  therefore  a  flat  surface  that 
has  been  locally  warped  by  post-Carboniferous  folding.  When  the 
Carboniferous  rocks  are  in  contact  with  the  pre-Cambrian  schist  the 
contact  plane  is  level,  while  the  Carboniferous  extends  down  into 
the  pre-Cambrian  limestone  in  many  ramifying  rounded  bodies.  Evi- 
dently where  the  pre-Carboniferous  peneplain  was  underlain  by  lime- 
stone, solution  formed  caves  with  attendant  cave  galleries,  sink  holes, 
and  irregular  solution  joint  cavities.  Unconformably  upon  the 
Guernsey  lies  the  Hartville  formation,  which  is  at  most  places  650 
feet  thick.  Its  basal  member  is  a  deep  red  sandstone  and  above  this 
is  white  or  gray  limestone.  Some  distance  northwest  of  the  iron 
range  Messrs.  Smith  and  Darton  "  found  a  number  of  Jurassic-Trias- 
sic  and  Cretaceous  sedimentary  formations. 

The  older  rocks  prior  to  late  Tertiary  times  were  deeply  eroded,  and 
the  resulting  older  gulches,  canyons,  and  valleys  have  been  filled 
by  the  Tertiary  sandstone,  which  in  the  folio  already  mentioned  is 
called  the  Arikaree.  The  Pleistocene  formations  consist  of  terrace 
gravels,  alluvium,  and  wash. 

STRUCTURE. 

The  pre-Cambrian  sedimentary  rocks  have  been  folded  into  a  com- 
plexly folded  trough  or  synclinorium  with  east  and  west  axis.  The 
axis  of  the  synclinorium  passes  through  Sunrise.  The  beds  of  the 
north  arm  near  Sunrise  course  north  of  east.  To  the  northeast  they 
bend  farther  northward  and  at  Frederick  course  east  of  north.  North 
of  Frederick  the  direction  of  the  axis  is  north-south,  its  direction  being 
determined  by  the  contiguous  granite  mass.  Between  Sunrise  and 
Guernsey  the  strike  of  the  beds  is  practically  east-west,  although  in 
the  isolated  hills  south  of  Haystack  Peak,  across  Whalen  Canyon,  the 
strike  is  again  north-south.  Presumabty,  therefore,  beneath  Whalen 
Canyon,  east  of  Guernsey,  the  beds  strike  southeastward.  In  the 
main  schist  area  east  of  Sunrise  the  folding  is  probably  close,  since  it 
is  known  that  the  schist  is  repeated  by  folding  at  least  four  times. 
Minor  folds  in  the  synclinorium  are  of  two  kinds — (1)  those  formed 
contemporaneously  with  the  main  folding  of  the  series,  and  (2)  those 
due  to  buckling  caused  by  the  intrusion  of  the  granite. 

Faults,  particularly  those  cutting  the  extension  of  the  beds  of  the 
synclinorium  at  right  angles,  are  common  in  the  pre-Cambrian  com- 
plex. The  greatest  fault  in  the  area,  however,  extends  eastward  from 
a  point  one-half  mile  north  of  Guernsey.     Here  the  pre-Cambrian  and 

aDeaoription  of  the  Hartville  quadrangle:  Geologio  Atlas  XJ.  S.,  folio  01,  XJ.  S.  Oeol.  Survey,  1003. 
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Guernsey  formations  are  in  fault  contact,  the  amount  of  displacement 
being  over  200  feet,  with  the  downthrown  side  on  the  south.  Breccia- 
tion  has  accompanied  both  faulting  and  folding,  and  the  main  ore 
deposits  are  intimately  associated  with  it.  There  is  evidence  also  that 
in  some  places  the  schist  was  opened  along  its  planes  of  schistosity 
during  the  folding. 

The  Carboniferous  formations  occur  usually  as  flat-lying  remnants 
capping  the  pre-Cambrian  hill.  On  the  borders  of  the  uplift,  how- 
ever, the  Carboniferous  formations  at  many  places  dip  rather  steeply 
beneath  younger  formations. 

ORE  BODIES. 
FORM   AND   PLACE    OF  THE    ORES. 

The  most  important  iron-ore  deposits  of  the  Hartville  iron  range  are 
lenses  that  occur  in  schist  on  a  limestone  foot  wall.  The  ore  largely 
replaces  the  schist,  although  it  partially  fills  cavities  in  the  schist 
which  are  due  to  jointing,  faultiug,  and  brecciation.  Detrital  ores  of 
secondary  derivation  from  these  deposits  are  situated  (1)  at  the  base 
of  the  Guernsey  formation,  (2)  at  the  base  of  the  Hartville  formation, 
and  (3)  in  the  Tertiary  lake  and  Pleistocene  and  Recent  stream  depos- 
its. The  pre-Cambrian  jaspers,  an  amphibolitized  phase  of  the  schist, 
and  the  matrix  of  some  of  the  conglomeratic  f  acies  of  the  second  pre- 
Cambrian  series,  also  locally  contain  considerable  iron. 

The  most  important  ore  deposits  next  to  the  lenses  above  the  con- 
tact of  the  pre-Cambrian  schist  and  limestone  are  situated  along  the 
fault  already  mentioned,  north  of  Guernsey,  between  the  pre^am- 
brian  series  and  the  Guernsey  formation.  Although  but  little  devel- 
oped, these  deposits  will  perhaps  repay  careful  prospecting.  Masses 
of  hematite  and  limonite  in  the  Haystack  Mountains  are  evidently 
the  iron  hats  or  gossans  of  sulphide  deposits  and  are  economically 
important. 

LENSES   OF   IRON    ORE    IN    SCHIST   UPON    A   LIMESTONE   FOOT    WALL. 

GENERAL  CHARAOTEK. 

The  principal  bodies  are  irregular  lenses,  elongated  parallel  to  the 
strike  of  the  metamorphic  sedimentary  rocks  in  which  they  occur. 
Their  range  in  width  is  from  a  few  to  100  feet  or  more,  and  some  of 
them  are  over  1,000  feet  long.  It  is  reported  that  one  ore  body  in  the 
district  has  been  proved  to  a  depth  of  900  feet.  The  principal 
deposits  of  this  type  include  those  of  the  Sunrise  mine  and  its  practi- 
cal extension — the  Lone  Jack — and  the  Chicago  and  the  Good  Fortune 
mines.  Similar  ore  masses  occur  at  a  number  of  points  between 
these  ore  bodies. 
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ORE  Am)  OANOUE  MINEILALS. 

The  chief  ore  of  these  deposits  is  hydrated  hematite.  It  is  either 
(1)  a  hard  gray  ore  filled  with  numerous  cavities,  which  are  lined  with 
finely  crystalline  specular  hematite,  or  (2)  a  soft  greasy  ore  of  brown- 
ish-red color.  Fibrous  varieties  of  hematite,  including  mammillary 
ore,  grape  ore,  and  stalactitic  ore,  occur  less  frequently.  Minor  quan- 
tities of  siderite  and  limonite  are  associated  with  the  hematite.  The 
limonite  is  in  some  places  compact  and  finely  granular;  at  others  it 
is  mammillary,  and  at  still  others  it  is  a  soft  yellow  ocher.  Mag- 
netite is  not  present  in  masses  large  enough  to  attract  the  eye, 
although  glight  local  magnetic  variations  noted  at  some  places  in 
the  vicinity  of  the  ore  deposits  may  indicate  its  presence.  Pyrite 
and  marcasite  were  not  observed  and  probably  do  not  occur  in  the 
ore  bodies. 

The  gangue  minerals  are  calcite,  quartz,  gypsum,  chalcedony, 
barite,  and  a  kaolinUke  mineral,  and  the  copper  minerals  are  chrys- 
ocoUa,  malachite,  chalcocite,  azurite,  and  native  copper.  Calcite 
occurs  in  colorless  or  slightly  yellow  crystals.  The  most  important 
development  of  quartz,  Uke  that  of  calcite,  is  clearly  later  than  the 
ore.  It  also  occurs  as  brecciated  fragments  in  the  ore  and  is  then 
older  than  the  hematite,  while  to  a  less  extent  it  is  contemporaneous 
with  the  ore.  At  the  Chicago  mine  the  quartz  sometimes  is  of  a 
beautiful  amethystine  tint.  The  copper  minerals  «  occur  in  fractures 
in  the  hematite  and  associated  rocks  and  are  the  younger. 

Irregular  masses  of  iron-stained  schist,  **soapstone,''  and  to  a  less 
extent  iron-stained  limestone  and  iron-stained  siliceous  rocks  occur 
as  vein  material  in  the  ore  bodies.  Schist  and  soapstone  occur  as 
irregular  horses  throughout  the  ore  body.  The  ^*  soapstone '^  is  an 
unctuous  substance  of  pale  green  color. 

PARAOEKEBIS. 

The  hard  and  soft  ores  grade  into  schist  and  it  is  evident  that  each 
was  formed  through  the  replacement  of  the  schist  by  hematite. 
The  soft  ore  is  thus  in  part  derived  directly  from  the  schist,  but  a 
considerable  portion  of  it  is  derived  secondarily  from  the  hard  ore. 
Pseudomorphous  replacements  of  hard  ore  by  soft  ore  are  common. 
Perhaps  the  best  evidence  of  this  change  is  seen  in  the  pebbles  of  soft 
ore  of  beautifully  rounded  form  that  occur  in  the  detrital  deposits 
at  the  base  of  the  Guernsey  formation.  Pebbles  of  this  formation 
are  usually  of  the  dense  hard  gray  ore,  and  it  is  absolutely  impossible 
that  a  substance  oflfering  as  little  resistance  to  attrition  as  the  soft 
ore  could  form  such  well-rounded  pebbles.  The  secondary  char- 
acter of  much  of  the  soft  ore  is  further  indicated  by  the  fact  that  on 

a  See  this  volume,  pp.  93-107. 
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the  surface  at  the  Sunrise  mine  the  soft  ore  equals  the  hard  ore  in 
bulk,  while  on  the  lowest  levels  hard  ore  greatly  predominates.  In 
the  Lone  Jack  tunnel,  which  after  entering  the  hill  gains  consider- 
able depth  beneath  the  surface,  the  soft  ore  gradually  decreases  in 
amount  from  the  entry  of  the  tunnel  to  the  breast,  and  at  the  latter 
point  is  practically  absent.  Alteration  of  the  hard  ore  into  the  soft 
by  percolating  waters  is  well  exemplified  by  the  presence  of  soft  ore 
along  channels  of  maximum  water  circulation.  There  is  also  reason 
to  believe  that  soft  ore  originates  from  the  hard  through  shearing, 
since  it  occurs  along  many  fault  planes  in  the  ore  bodies. 

The  mammillary,  grape,  and  stalactitic  forms  of  hematite  are 
clearly  younger  than  the  hard  ore  and  in  most  places  are  younger 
than  the  soft  ore.  The  mammillary  ore  occurs  in  fractures  cutting 
the  hard  and  soft  hematite,  while  the  grape  and  stalactitic  ores  cover 
cavities  in  the  older  varieties.  Some  of  the  mammillary  ore  was 
undoubtedly  formed  after  the  deposition  of  the  detrital  ore  at  the 
base  of  the  Guernsey  (Carboniferous)  formation. 

Limonite  is  a  product  of  the  surface  alteration  of  the  other  iron- 
ore  minerals.  It  occurs  as  pseudomorphs  after  both  hematite  and 
siderite.  Great  rounded  bodies  of  limonite  associated  with  an  iron- 
stained  flint  are  found  in  the  Lone  Jack  and  Sunrise  open  pits  imme- 
diately beneath  the  Carboniferous  rocks.  The  limonite  and  flint 
grade,  on  the  one  hand,  into  schist  and,  on  the  other,  into  hematite 
and  are  evidently  a  product  of  the  surface  alteration  of  the  schist. 
Siderite  occurs  in  cavities  in  the  hematite  and  is  clearly  youngcir  than 
it.  After  the  deposition  of  the  siderite  came  that  of  quartz  in  small 
crystals.  Quartz  is  in  turn  at  places  coated  with  calcite.  Of  earlier 
origin  than  either  the  quartz  or  the  calcite  are  the  copper  ores. 
These  copper  ores  were,  in  the  main,  deposited  after  the  Guernsey 
formation  had  been  laid  down,  and  in  consequence  the  quartz  and 
calcite  were  evidently  formed  in  Carboniferous  or  post-Carboniferous 
times. 

OBADE  OF  ORE. 

The  ore  of  the  Hartville  iron  range  is  a  high-grade  hematite,  some 
masses  of  which  contain  over  68  per  cent  of  iron,  although  the  ore 
as  a  whole  will  probably  not  average  over  60  per  cent.  The  iron 
content,  where  the  contact  of  the  ore  and  country  rock  is  a  fault, 
usually  holds  its  grade  up  to  the  fault  plane.  The  iron  content  in 
the  Sunrise  mine  increases  perceptibly  with  depth,  indicating,  perhaps, 
a  considerable  redeposition  of  iron  at  depths  through  secondary 
processes.  The  ore  of  the  Hartville  iron  range  examined  by  early 
writers  was  very  low  in  phosphorus,  many  samples  showing  only  a 
trace.  At  the  present  time  much  of  the  ore  shipped  is  of  a  non- 
Bessemer  grade.  The  earlier  analyses  are  believed  by  the  officers  of 
the  Colorado  Fuel  and  Iron  Company  to  have  been  made  from  picked 
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samples,  since  their  analyses  from  the  same  points  show  a  higher 
content  of  phosphorus.  Some  of  the  ore  is  high  in  silica,  its  only 
other  detrimental  constituent.  Sulphur,  so  far  as  known,  is  absent, 
while  the  copper  minerals  occupy  such  restricted  areas  that  their 
presence  is  not  troublesome  in  the  sorting  of  the  ores.  The  ore  is 
rather  heavy,  occupying  approximately  10  cubic  feet  per  ton. 

DISTKIBTTTIOK. 

The  iron  ore  lenses  all  occupy  similar  positions  in  relation  to  the 
inclosing  rocks.  They  lie  in  schist  immediately  above  the  upper- 
most limestone  of  the  older  pre-Cambrian  series.  This  limestone 
swings  from  the  Good  Fortune  mine  east  to  Whalen  Canyon,  where 
it  is  covered  by  alluvium.  Since  limestone  does  not  outcrop  on  the 
east  side  of  Whalen  Canyon  south  bf  this  point  the  contact  is  perhaps 
situated  near  the  center  of  the  valley.  In  the  other  direction  the 
contact  courses  from  the  Good  Fortune  mine  north  of  west  to  a  point 
where  it  passes  beneath  horizontal  Carboniferous  rocks.  The  contact 
between  the  schist  and  limestone  in  this  direction  is  again  exposed 
in  the  Republic  shaft  at  the  tail  of  the  railroad  Y  in  Sunrise.  From 
here  it  courses  to  a  point  beneath  the  Colorado  Supply  Store,  from 
which  it  goes  north  and  then  northeast,  forming  the  foot  wall  of  the 
Simrise  ore  body.  Thence  it  bows  out  to  the  northward,  passing 
north  of  the  Biwabik  shaft  beneath  the  Carboniferous,  and  appearing 
at  the  surface  again  100  feet  north  of  the  Chicago  open  pit.  The 
contact  here  is  hidden  in  a  valley,  but  appears  again  on  the  hill  west 
of  the  Colorado  Supply  Store  at  Ironton.  After  passing  beneath  the 
alluvium  of  Whalen  Canyon  this  contact  next  appears  in  a  hill  south 
of  the  house  at  Kline's  ranch.  From  this  point  it  courses  practically 
due  north  to  Frederick,  where  it  lies  slightly  east  of  the  ranch  house. 
Along  this  contact,  then,  all  of  the  larger  iron  deposits  of  the  Hartville 
iron  range  occur. 

The  presence  of  large  ore  bodies  is  determined  apparently  by  the 
minor  structural  pecuUarities  of  this  contact.  For  instance,  in  the 
Sunrise  mine  the  two  richest  bodies  of  ore  lie  in  minor  synclines 
superimposed  upon  the  main  syncline.  At  the  Good  Fortune  mine 
the  ore  is  closely  associated  with  a  sharp  minor  fold  accompanied  by 
considerable  brecciation.  At  the  Sunrise  mine  the  hanging  wall  and 
the  foot  wall  are  both  schist,  although  on  the  foot  wall  the  schist 
between  the  ore  and  the  underlying  limestone  is  thin.  At  the  Chi- 
cago mine  the  ore  on  the  north  side  is  directly  against  the  limestone 
or  its  iron-stained  alteration  products.  At  the  Good  Fortune  mine 
a  thin  shell  of  siliceous  iron-stained  schist  separates  the  ore  from  the 
underlying  Umestone.  The  contact  between  the  ore  body  and  the 
country  rock  is  in  some  places  sharp  and  in  others  gradational.  On 
the  whole,  gradational  contacts  are  probably  more  common,  and  it 
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is  evident  that  the  ore  is  but  a  replacement  of  the  schist,  since  no 
hard-and-fast  line  can  be  drawn  between  unaltered  schist,  iron- 
stained  schist,  siliceous  ore,  and  good  ore.  Where  the  contact 
between  the  country  rock  and  the  ore  is  sharp,  considerable  differential 
movement  has  taken  place,  and  most  of  such  contacts  are  lines  of 
recognized  faulting. 

ORiani  07  THE  DBB8. 

The  ore  lenses  in  the  pre-Cambrian  rocks  are  of  secondary  origin. 
This  is  proved  by  the  close  relationship  between  them  and  secondary 
structures,  such  as  folding,  jointing,  faulting,  and  brecciation.  Fur- 
ther,  the  ore  was  deposited  by  descending  water.  This  is  indicated  by 
the  position  of  the  ore  along  a  contact  which  is  a  maximum  zone  of 
downward  water  circulation  and  by  the  presence  of  lenses  and  veins 
of  iron  ore  at  a  distance  from  the  main  ore  bodies  along  joints  and 
faults,  natural  sites  of  maximum  water  circulation.  Further,  the  ore 
is  associated  with  calcite,  quartz,  and  limonite,  minerals  known  to  be 
deposited  by  water.  Circulating  waters  naturally  flow  in  some  per- 
vious stratum  above  an  impervious  bed,  or  follow  more  or  less  open 
channels  along  zones  of  maximum  rock  crushing.  That  the  limestone 
is  relatively  impervious  and  the  schist  relatively  pervious  is  indicated 
by  a  number  of  the  characteristics  of  these  rocks.  Thus  the  pre- 
Cambrian  diabase  dikes  in  limestone  are  comparatively  fresh,  while 
those  in  schist  are  greatly  altered.  Likewise  veins  of  pegmatitic 
quartz,  presumably  deposited  by  very  dilute  aqueous  solutions,  are 
much  more  abundant  in  schist  than  in  limestone.  Further,  the  lime- 
stone, when  folded,  appears  to  have  escaped  important  brecciation, 
while  the  more  siUceous  bands  of  the  schist  were  intensely  fractured. 
The  limestones  naturally  confined  the  circulation  of  the  water  to  the 
more  pervious  rock  that  overlay  it.  The  main  circulation,  then,  wa* 
in  schist  down  the  dip  slope  of  limestone.  The  faults  crossing  the 
pre-Cambrian  formations  would  furnish  outlets  by  which  the  descend- 
ing water  could  reach  the  surface.  From  the  depth  of  the  deposits  it 
is  inferred  that  the  topography,  when  the  ores  were  deposited,  was  of 
a  rugged  character. 

The  possible  sources  of  the  iron  ore  are  (1)  magnetite,  hematite,  and 
pyrite  in  schist;  (2)  pyrite  in  quartzose  beds;  (3)  iron  carbonate  in 
the  limestone;  and  (4)  hematite  in  the  pegmatite  veins. 

Pyrite  and  magnetite  are  very  common  minerals  in  much  of  the 
schist  of  the  Hartville  iron  range.  Pyrite  in  diamond-drill  cores  of 
biotitic  schist  occurs  usually  along  the  planes  of  schistosity  in  very 
small  flakes.  In  the  muscovite  schists,  particularly  in  those  near  the 
ore  bodies,  are  many  tiny  cavities  which  are  heavily  iron-stained. 
Some  of  these  represent  hematite  and  magnetite  crystals;  others  are, 
without  much  question,  the  casts  of  small  crystals  of  pyrite,  which, 


HARTVILLE   IRON-ORE   RANGE,  WYOMING.  201 

to  judge  from  their  even  distribution  throughout  large  masses  of  the 
schist,  were  original  to  the  recrystallization  of  the  schist.  Pyrite  also 
appears  to  be  present  as  an  original  constituent  in  some  of  the  quartz- 
ose  beds  interbedded  with  the  schist  member.  The  chemical  compo- 
sition of  the  schist  shows  that  it  had  a  low  iron  content  prior  to  its 
alteration. 

Locally  there  are  probably  small  amounts  of  iron  carbonate,  fer- 
ruginous dolomite,  or  ferruginous  calcite  in  the  Umestone.  The 
unstained  character  of  much  of  its  weathered  surface,  however,  indi- 
cates that  the  quantities  of  such  minerals  in  the  limestone  are  so 
small  as  to  be  absolutely  inadequate  to  supply  material  for  the  con- 
centration of  large  iron-ore  bodies.  Further,  this  iron  carbonate  of 
the  limestone  lies  below  the  main  course  of  circulating  waters.  In 
the  schist  and  Umestone  there  are  a  few  quartz  veins,  probably  of 
pegmatitic  origin,  and  a  small  amount  of  hematite  forms  a  constituent 
of  these  veins.  The  r61e  of  the  pegmatite  as  an  original  source  of  the 
ore  may,  however,  be  neglected. 

It  is  believed,  then,  that  the  iron  ores  were  concentrated  by  surface 
waters  from  magnetite  and  iron  pyrite  of  the  schist  lying  above  the 
limestone  foot  wall.  During  pre-Cambrian  erosion  large  bodies  of  this 
schist  were  carried  away,  and  carbonated  surface  waters  probably 
broke  down  the  iron  minerals  into  iron  carbonate  or  other  soluble  iron 
salts.  This  material  was  carried  downward  in  solution  along  the 
impervious  limestone  foot  wall,  where  it  was  precipitated  by  oxygen- 
bearing  waters  descending  more  directly  from  the  surface  through 
cross  faults  or  other  passages  of  free  water  circulation  • 

AGE  07  DEPOBITB. 

These  lenses  of  ore  were  evidently  formed  after  the  pre-Cambrian 
rocks  had  been  subjected  to  the  synclinal  folding,  which  has  already 
been  described.  This  is  shown  by  the  fact  that  the  position  of  the 
ore  deposits  depends  closely  upon  rock  structure.  As  to  the  relative 
age  of  the  granite  intrusion  and  the  ore  deposition  certain  evidence  is 
lacking,  although  it  is  believed  that  the  ore  was  deposited  after  the 
granite  was  intruded.  This  much,  at  least,  is  certain  that  in  the  ore 
deposits  there  are  zones  of  brecciated  quartz,  which  were  probably  once 
pegmatitic  veins  cutting  schist  that  is  now  replaced  by  ore.  It  is  also 
certain  that  in  the  main  the  ore  was  formed  prior  to  the  deposition  of 
the  Guernsey  formation,  since  this  Carboniferous  terrane  locally  con- 
tains at  its  base  pebbles  of  hard  ore  similar  to  that  of  the  Sunrise 
deposit.  To  provide  water  circulation  adequate  for  the  deposition  of 
bodies  of  iron  ore  that  lay  so  deep  the  topography  at  the  time  of  their 
formation  must  have  had  sufficient  relief  to  cause  deep  circulation  of 
surface  waters.     In  consequence  it  is  probable   that   the   ore  was 
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deposited  long  before  the  production  of  the  peneplain,  which  preceded 
the  deposition  of  the  Guernsey  formation.  After  the  iron  ore  was 
deposited,  surface  waters  modified  the  deposit,  forming  considerable 
bodies  of  soft  ore  along  planes  of  maximum  circulation,  a  like  effect 
being  produced  by  movement  along  shear  zones.  Further,  limonite 
has  been  formed  along  some  of  the  water  channels  of  the  past  and  the 
present  day. 

BULES  FOB  PBOSPEOTING  AVD  GBOTJin)  FAVOBABLE  FOB  PBOSPSCTIirO. 

The  restriction  of  the  important  ore  bodies  of  the  Hartville  iron 
range  to  a  single  contact  has  already  been  mentioned  and  the  exten- 
sion of  this  contact  has  been  described.  In  prospecting  it  the 
diamond-drill  holes  should  be  located  in  the  schist  area  at  a  distance 
of  from  400  to  600  feet  from  the  foot  wall  of  limestone.  Where  the 
contact  is  covered  by  alluvium,  as  it  is  from  Ironton  to  Kline's 
ranch,  it  will  be  necessary  by  chum  or  diamond  drill  to  more  accu- 
rately locate  this  contact.  Drill  data  indicating  the  presence  of 
minor  folds  should  be  carefully  sought,  for  ore  will  probably  be 
found  in  minor  synclines.  Whether  this  portion  of  the  contact  will 
prove  as  rich  as  that  which  has  already  been  prospected  may  be 
questioned,  but  ore  bodies  probably  exist  within  this  new  prospect- 
ing ground.  The  proximity  of  the  detrital  Carboniferous  ore  bodies, 
later  to  be  described,  is  a  further  help  in  prospecting,  since  they  are 
apparently  confined  to  the  immediate  vicinity  of  iron-ore  lenses  in 
the  pre-Cambrian  rocks.  The  dial  compass  and  dip  needle  are 
valueless  for  use  in  this  iron-ore  range,  since  considerable  bodies  of 
the  iron  ore  are  nonmagnetic,  while  some  of  the  noniron-bearing  for- 
mations, such  as  the  gabbro,  affect  the  needles  appreciably. 

The  conditions  that  determine  the  presence  of  iron  ore  along  the 
contact  already  described  appear  to  be  (1)  the  folding  to  which  the 
rocks  have  been  subjected  and  (2)  the  presence  of  a  thick  body  of 
schist — to  serve  as  a  source  of  the  ore — ^superimposed  upon  an  imper- 
vious body  of  limestone.  The  schist-limestone  contacts  throughout 
the  range  are  similar  to  this  one  as  regards  the  folding.  In  most 
places,  however,  the  schist  above  the  limestone  is  too  thin  to  be  the 
source  of  large  ore  bodies.  The  only  probable  exception  to  this 
statement  is  the  contact  between  the  schist  and  limestone  in  the 
west  half  of  sec.  26  and  the  east  half  of  sec.  27,  T.  27  N.,  R.  66  W. 
Along  this  contact  north  of  the  furnace  at  Fairbank  there  is  a  hill 
of  pre-Cambrian  limestone.  North  of  this  hill  is  a  wide  valley, 
beyond  which  pre-Cambrian  muscovitic  schist  is  exposed.  This 
schist  is  very  thick,  and  beneath  it  the  limestone  dips  northward  at 
an  angle  of  70°.  It  is  believed  that  this  contact,  which  is  hidden  in 
the  valley,  is  worth  careful  prospecting.  Farther  north  of  east,  in 
sec.  26,  homblendic  schists  cut  out  the  muscovitic  schist.    The  large 
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body  of  detrital  ore  at  the  base  of  the  Guernsey  formation,  1,850  feet 
south  and  525  feet  west  of  the  northeast  comer  of  sec.  26,  may  have 
been  derived  from  some  pre-Cambrian  ore  lens  along  this  contact. 

DETRITAL  ORES  AT  THE  BASE  OF  THE  GUERNSEY  FORMATION. 

• 

The  basal  bed  of  the  Guernsey  formation,  which  is  at  many  places 
iron  stained,  is  a  quartzite  or  a  limestone  containing  clastic  grains. 
When  conglomeratic  the  pebbles  ordinarily  consist  of  quartz,  but 
locally  of  iron  ore.  The  iron-ore  pebbles  are  usually  confined  to 
the  immedate  vicinity  of  known  deposits  of  pre-Cambrian  iron  ore. 
The  pebbles  are  well  rounded,  many  of  them  being  beautifully  pol- 
ished, and  reach  a  maximum  diameter  of  1  foot.  The  ore  is  typic- 
ally the  hard  gray  ore,  which  in  some  places  has  been  altered  to 
soft  ore.  Where  such  iron-ore  pebbles  with  the  associated  iron- 
stained  quartzite  lie  in  the  irregular  sink  holes  and  cave  galleries 
that  extend  into  the  pre-Cambrian  limestone  (see  p.  195),  the  ore 
has  in  many  places  been  considerably  recrystallized.  Each  sink 
hole,  when  partially  cut  away  by  erosion,  has  acted  as  an  imper- 
vious trough,  in  which  iron  has  been  concentrfited  by  downward 
circulating  waters.  In  consequence  the  quartzite  is  wholly  or  par- 
tially replaced  by  red  hematite,  which  is  often  of  excellent  grade. 
In  places  th^  detrital  iron-ore  pebbles  are  intact ;  in  others  they  have 
been  completely  destroyed  by  recrystallization.  Calcite,  quartz, 
chalcedony,  siderite,  and  copper  ore  are  at  many  places  closely  asso- 
ciated with  this  hematite  and  ordinarily  fill  fractures  in  it.  So  far 
as  known,  none  of  these  deposits  are  of  large  size,  and  as  a  rule  the 
ore  is  too  siliceous  to  be  of  economic  value. 

DEPOSITS    AT   THE   BASE   OF   THE   HARTVILLE. 

The  base  of  the  Hartville  formation  is  an  iron-stained  sandstone 
which  at  a  few  places  contains  small  pebbles  of  iron  ore.  The  mate- 
rial of  these  pebbles  was  directly  or  indirectly  derived  from  pre- 
Cambrian  ore  bodies  through  the  breaking  up  of  the  detrital  pebbles 
of  the  Guernsey  formation.  North  and  west  of  Hartville  the  base  of 
the  Hartville  formation  at  a  number  of  places  is  an  iron-stained  shale, 
upon  which  lies  the  typicaT  Hartville  sandstone.  "yVTiere  this  shale 
has  been  folded  into  gentle  synclines  the  iron  of  the  sandstone  has 
been  redeposited  upon  the  shale,  and  in  consequence  blanket  beds  of 
low-grade  hematite  mark  this  horizon.  Ore  bodies  of  this  class  will 
probably  never  be  of  economic  importance. 

RESIDUAL   AND   PLACER   ORE. 

In  the  early  days  of  mining  at  Sunrise  the  surface  was  covered  by 
bowlders  of  iron  ore  which  were  derived  from  the  breaking  down 
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of  the  pre-Cambrian  iron-ore  body  at  that  point.  Although  large 
amounts  of  this  ore  have  been  shipped,  iron-ore  float  even  now 
occurs  throughout  the  productive  portions  of  the  iron  range. 

Pebbles  of  iron  ore  are  found  in  the  bed  of  Platte  River  some  dis- 
tance below  the  town  of  Guernsey.  At  Guernsey  they  are  1  inch  or 
less  in  diameter  and  increase  gradually  in  size  upstream.  The  peb- 
bles do  not  occur  in  the  Platte  above  the  mouth  of  Hartville  Canyon, 
but  are  found  in  the  canyon  as  far  up  as  Sunrise. 

mON   IN   OTHER   PRE-CAMBRIAN   ROCKS. 

The  jasper  of  the  second  pre-Cambrian  series  contains  at  many 
places  some  hematite  and  limonite.  Veins  of  hematite  occurring  in 
fractures  cut  it  and  irregular  masses  of  hematite  cement  its  brecciated 
fragments.  The  jasper  itself  is  also  more  or  less  replaced  by  hema- 
tite and  limonite,  but  no  considerable  body  of  ore  has  yet  been  dis- 
covered in  it,  and  most  of  the  ore  found  in  it  is  probably  too  siliceous 
to  be  of  value.  South  of  Shaws  Pass  a  peculiar  metamorphosed  type 
of  the  pre-Cambrian  schist,  containing  a  large  amount  of  amphibole, 
is  heavily  iron  stained.  The  matrix  of  the  conglomeratic  phase  of 
the  second  pre-Cambrian  series  contains  at  many  places  considerable 
iron,  but  none  of  the  prospects  in  such  rocks  have  yet  proved  valuable. 

DEPOSITS  ALONG  THE  FAULT  CONTACT  OF  THE  PRE-CAMBRIAN  AND  THE 

GUERNSEY  LIMESTONE. 

Along  a  line  beginning  approximately  one-half  mile  north  of  Guern- 
sey and  extending  eastward  across  low  hills  to  Whalen  Canyon,  the 
Guernsey  formation  and  the  pre-Cambrian  rocks  are  in  fault  contact. 
The  downthrown  side  of  this  fault  is  to  the  south  and  appears  to  have 
been  dropped  more  than  200  feet.  The  fault  plane  is  everywhere 
iron  stained  and  a  number  of  prospects  are  situated  along  it.  Three 
shafts  in  the  south-central  portion  of  sec.  25,  T.  27  N.,  R.  66  W., 
owned  by  Mr.  C.  A.  Guernsey,  are  within  100  feet  of  one  another. 
The  northern  or  hanging  wall  of  the  ore  body  is  smooth,  and  the  con- 
tact between  the  ore  and  the  pre-Cambrian  limestone  is  sharp.  Far- 
ther south  the  ore  passes  gradually  into  iron-stained  Guernsey  lime- 
stone. The  iron  ore  lens,  consisting  of  good  soft  and  hard  grades,  is 
from  2  to  6  feet  wide  upon  the  surface,  and  widens  somewhat  toward 
the  west.  At  the  bottom  of  the  shafts,  which  range  in  depth  from  24 
to  60  feet,  the  lens  is  somewhat  wider  and  apparently  increases  in  thick- 
ness with  depth.  One-quarter  of  a  mile  west  of  this  locality  several 
shafts  and  tunnels  develop  other  ore  bodies  in  breccia  zones  within 
the  pre-Cambrian  limestone,  parallel  to  this  fault.  The  ore  here  is  a 
black  pulverulent  hematite  containing  considerable  calcite  and  siderite. 
The  appearance  of  the  ore  indicates  that  it  contains  manganese.     Not 
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enough  development  work  has  been  done  upon  the  ore  bodies  of  this 
fault  plane  to  determine  satisfactorily  either  their  commercial  possi- 
bilities or  their  mode  of  origin.  It  is  certain  that  prospect  work 
should  be  confined  to  the  fault  contact  between  the  two  formations. 
These  iron-ore  lenses  were  deposited  by  water  which  circulated  along 
the  fault  plane.  It  is  imknown  whether  the  water  which  formed  the 
iron  ore  ascended  or  descended  along  this  plane,  although  the  close 
resemblance  of  the  ore  to  much  of  that  of  the  pre-Cambrian  type  indi- 
cates that  the  lenses  were  deposited  by  descending  waters.  In  this 
connection,  however,  the  apparent  thickening  of  the  ore  bodies  in 
depth  should  be  borne  in  mind. 

GOSSAN  DEPOsrrs. 

In  the  Haystack  Moimtains,  particularly  in  McCanns  Pass,  com- 
paratively large  areas  are  covered  by  a  low-grade  hematite,  with 
which  is  a^ociated  some  limonite.  These  minerals  cement  irregular 
fragments  of  schist.  Here  and  there  small  amoimts  of  iron  pyrites 
occur  and  the  deposit  is  in  every  way  similar  to  the  surface  croppings 
of  some  of  the  copper  deposits  of  the  district.  There  is  Httle  doubt 
that  this  deposit  is  the  gossan  or  iron  hat  of  a  sulphide  vein.  The 
mechanical  impurities  in  the  ore  are  so  finely  divided  that  its  quality 
can  not  be  bettered  by  hand  picking,  and  sulphur  is  present  as  a 
chemical  detriment.     ^ 

Bull.  315—07 14 


TITANIFEROUS  IRON  ORE  OF  IRON  MOUNTAIN, 

WYOMING." 


By  Sydney  H.  Ball. 


INTRODUCTION. 

In  the  fall  of  1906  the  writer  visited  Iron  Mountain,  Wyoming. 
Since  the  economic  possibilities  of  the  deposits  there  are  awakening 
wide  interest  and  since  the  descriptions  already  published  are  out  of 
print  or  are  difficult  of  access,  a  short  description  of  this  region  may  be 
of  value.  The  following  bibliography  includes  the  principal  articles 
relating  to  Iron  Mountain: 

Stansbury,  Howard,  Captain,  Corps  Topographical  Engineers,  U.  S.  Army.  Explo- 
ration and  survey  of  the  valley  of  the  Great  Salt  Lake  of  Utah,  etc.  Philadelphia, 
1852,  p.  266. 

Hayden,  F.  V.  First,  Second,  and  Third  Ann.  Repts.  U.  S.  Geol.  and  Geog.  Survey 
Terr.  (1867-1869),  1873,  pp.  80-81. 

Preliminary  Rept.  U.  S.  Geol.  Survey  of  Wyoming  and  portions  of  contigu 

ous  territories  (1870),  1871,  p.  14. 

King,  Clarence.    U.  S.  Geol.  Explor.  Fortieth  Par.,  vol.  1,  p.  27. 

Hague,  Arnold.    Ibid.,  vol.  2,  pp.  14-16. 

ZiRKEL,  F.     Ibid.,  vol.  6,  p.  107. 

Knight,  Wilbur  C.  Bull.  14,  Exper.  station,  Laramie,  Wyo.,  Univ.  Wyoming,  Oct., 
1893,  p.  177. 

Kemp,  J.  F.    Nineteenth  Ann.  Rept:  U.  S.  Geol.  Survey,  pt.  3, 1899,  p.  420. 

Lindgren,  Waldemar.     Science,  new  series,  vol.  16,  1902,  pp.  984-985. 

Kemp,  J.  F.     School  of  Mines  Quarterly,  vol.  20,  1900,  pp.  352-355. 

Hill,  B.  F.     School  of  Mines  Quarterly,  vol.  20,  1900,  p.  364. 

The  conclusions  herein  expressed  are  in  all  essential  particulars  in 
accord  with  those  set  forth  by  Mr.  Lindgren  and  by  Professor  Kemp. 

GEOGRAPHY   AND    HISTORY. 

Iron  Mountain  is  in  southeastern  Wyoming  in  the  east-central  part 
of  Albany  County.  It  lies  8  miles  west  of  Iron  Mountain  station,  on 
the  Colorado  and  Southern  Railroad,  and  approximately  40  miles 
northwest  of  Cheyenne,  Wyo.     The  deposit,  which  is  in  the  Laramie 

o  After  this  note  had  been  partly  written  in  the  field  an  article  by  Prof.  J.  F.  Kemp  in  the  Zeitschrift 
far  praktische  Geoiogie  (vol.  13,  pp.  71-80)  came  to  the  writer's  attention.  Professor  Kemp,  in  addition 
to  describing  Iron  Mountain,  mentions  the  occurrence  of  similar  iron  ore  in  dikes  at  the  Shanton  ranch 
4  miles  southwest  of  Iron  Mountain. 
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foothills  1  mile  from  the  eastern  border  of  the  pre-Cambrian  complex, 
in  sees.  22,  23,  26,  and  27,  T.  19  N.,  R.  71  W.,  is  reached  from  Iron 
Mountain  station  by  a  wagon  road.  Chugwater  Creek  passes  in  a 
gorge  through  the  iron  ore  body. 

Beside  this  main  body  of  the  magnetic  iron  minor  masses  occur  in 
the  pre-Cambrian  rocks  in  a  belt  which  is  reported  to  extend  from 
Horse  Creek  to  Sibylee  Creek,  a  distance  of  20  miles.  This  belt,  which 
courses  a  little  east  of  north  and  west  of  south,  is  in  places  5  miles  wide. 

Iron  Mountain,  a  rugged  ridge  from  300  to  600  feet  wide  and  IJ 
miles  long,  rises  sharply  from  the  anorthosite  hills  to  the  east  and  the 
rolling  pre-Cambrian  uplands  to  the  west.  Its  ragged  top  presents  a 
marked  contrast  to  the  regular  hogbacks  of  the  foothill  sedimentary 
rocks. 

The  iron  was  first  noticed  by  Capt.  Howard  Stansbury,  U.  S.  Army, 
on  September  30,  1850,  when  he  was  in  camp  on  the  banks  of  Chug- 
water Creek,  on  his  way  to  Great  Salt  Lake.  He  found  along  the 
banks  of  the  stream  and  in  the  adjacent  hills  ^^ immense  numbers  of 
rounded  black  nodules  of  magnetic  iron  ore,  which  seemed  of  unusual 
richness.''  *  In  1866  F.  V.  Hayden  visited  the  mountain  itself.  The 
greater  portion  of  the  main  deposit  passed  into  the  hands  of  the  Union 
Pacific  Railroad  as  a  part  of  the  land  granted  to  it  in  1862.  In  1872 
a  wagon  road  was  built  to  the  deposit,  prospectors  rushed  in,  and  the 
whole  countryside  was  staked.  In  the  following  year  a  post-office. 
Iron  Mountain,  was  established  at  the  base  of  the  iron  ridge,  but  was 
abandoned  in  1874.  Eight  or  ten  years  ago  the  Colorado  Fuel  and 
Iron  Company  employed  15  teams  for  several  months  in  hauling  ore 
from  the  mountains  to  the  railroad,  whence  it  was  shipped  to  their 
smelters  at  Pueblo.  The  work  was  suddenly  abandoned,  however, 
although  the  same  company  is  reported  to  have  made  a  small  ship- 
ment four  years  ago.  In  1905  and  1906  the  main  ore  body  was  visited 
by  a  number  of  surveying  corps,  and  the  Colorado  Land  and  Iron 
Company  is  said  to  have  located  claims  between  Chugwater  and 
Sibylee  creeks. 

GEOLOGY. 

The  pre-Cambrian  complex  near  the  large  dike  of  iron  ore  at  Iron 
Moimtain  consists  of  three  granular  igneous  rocks — an  anorthosite,^ 
the  iron  ore,  and  a  granite.  The  anorthosite  is  the  oldest  of  these 
and  is  cut  by  dikes  and  lenticular  masses  of  iron  ore  and  granite.  The 
relative  ages  of  the  iron  ore  and  granite  was  not  certainly  determined, 
since  exposures  are  poor  where  the  two  rocks  are  close  together.  All 
the  available  evidence,  however,  indicates  that  the  iron  ore  is  older 
than  the  granite. 

a  Stansbury,  Howard,  Exploration  and  survey  of  the  valley  of  the  Great  Salt  Lake  of  Utah,  Wash- 
ington, D.  C,  Maich.  1851. 

b  Anorthosite  is  a  granular,  wholly  crystalline  igneous  rock,  composed  essentlalLy  ot  «tiV3a^RA.>taa»r 
Boda  feldspar,  asoally  labradorite. 
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The  anorthosite  is  a  bluish  to  medium-gray  holocrystalline  rock  of 
medium  to  coarse  grain.  It  is  composed  aknost  wholly  of  gray  feld- 
spar, which  in  some  places  shows  a  feeble  play  of  blue  colors.  Large 
flat  crystals  (phenocrysts)  of  gray  feldspar,  from  2  to  3  inches  long 
and  one-quarter  to  one-half  inch  thick,  occur  in  some  portions  of  the 
rock.  Irregular  masses  of  the  rock  are  made  up  wholly  of  a  granular 
aggregate  of  these  large  crystals.  Immediately  east  of  the  iron  ore 
dike,  for  a  distance  of  6  feet  from  the  ore,  the  anorthosite  contains 
crystals  of  magnetite  (probably  titaniferous)  from  one-eighth  to  3 
inches  in  diameter.  In  other  parts  of  the  mass,  also,  magnetite  is 
abimdant.  Biotite  and  greenish  black  pyroxene  are  likewise  visible 
•to  the  naked  eye  in  some  portions  of  the  anorthosite.  As  seen  imder 
the  microscope  the  anorthosite  is  a  fine  to  coarse-grained  evenly 
granular  igneous  rock,  composed  predominantly  of  labradorite  (plagio- 
clase  feldspar).  Biotite  is  everywhere  present,  while  titaniferous  iron 
ore,  olivine,  a  monoclinic  pyroxene,  occur  in  some  specimens,  and  a 
single  thin  section  contains  apatite  and  a  little  quartz.  The  secondary 
minerals  include  chlorite,  serpentine,  calcite,  and  sericite. 

The  mass  of  iron  ore  is  an  igneous  dike  1 J  miles  long  and  40  feet  to 
300  feet  wide,  the  greatest  observed  width  being  at  the  point  where 
Chugwater  Creek  cuts  through  the  mass.  The  dike  trends  east  of 
north;  most  of  it  lies  north  of  the  creek.  It  widens  and  contracts 
rather  abruptly  throughout  its  course.  Toward  the  north  it  gradually 
narrows  and  finally  disappears  while  300  feet  south  of  Chugwater 
Creek  it  narrows  slightly  and  then  abruptly  ends.  At  several  places 
it  is  almost  cut  in  two  by  wedgelike  masses  of  granite,  but  throughout 
practically  its  whole  length  it  is  bordered  by  anorthosite.  The  con- 
tact between  the  anorthosite  and  the  ore,  where  exposed,  is  sharp, 
neither  rock  having  undergone  important  gradational  changes.  A 
second  dike  of  iron  ore  is  exposed  300  feet  downstream  (east),  on  the 
south  side  of  Chugwater  Creek.  This  dike  varies  in  width  from  6  to 
20  feet  and  is  clearly  intrusive  in  the  anorthosite,  with  which  it  has 
sharp  contacts.  About  one-eighth  of  a  mile  southeast  of  the  south 
end  of  the  main  mass  is  a  third  dike  of  iron  ore  in  anorthosite.  The 
trend  of  this  dike,  which  is  300  feet  long  and  from  10  to  30  feet  wide, 
is  approximately  parallel  to  that  of  the  main  mass.  Several  small 
magnetite  dikes  that  are  from  10  to  50  feet  long  and  have  maximum 
widths  of  3  feet  lie  east  of  this  mass,  in  parallel  alignment. 

The  iron  ore  is  a  black,  granular,  holocrystalline  igneous  rock,  with 
constituent  grains  varying  from  one-eighth  to  one-half  inch  in  diame- 
ter. It  has  a  metallic  or  submetallic  luster.  Changes  in  granularity 
occur  in  irregular  masses  or  along  well-defined  parallel  planes.  In 
consequence  of  this  distribution  the  rock  has  at  some  places  an  orig- 
inal gneissic  structure.     The  greater  portion  of  the  iron  is  free  from 
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mechanical  impurities,  but  biotite,  olivine,  and  feldspar  are  sporadic- 
ally distributed  throughout  its  mass.  Olivine  is  particularly  abun- 
dant in  portions  of  the  small  dike  300  feet  east  of  the  main  mass. 
The  iron  ore  is  cut  by  rather  closely  spaced  joints  and  by  slickensided 
fracture  planes.  In  consequence,  the  outcrop  is  angular,  and  its 
surface  is  littered  with  square  blocks  broken  from  the  ore  in  place. 

Weathering  has  broken  down  the  iron  ore  mechanically  and  pro- 
duced some  chemical  changes.  Many  weathered  surfaces  are  pitted 
by  reason  of  the  complete  removal  of  olivine  and  feldspar  grains  and 
the  partial  removal  of  biotite.  On  joint  surfaces  and  along  other 
fractures,  limonite  and  less  frequently  hematite  has  been  formed 
from  the  magnetite  by  percolating  waters. 

As  seen  under  the  microscope  the  ore  in  some  specimens  consists 
principally  of  titaniferous  iron  with  a  little  spinel.  Other  thin  sec- 
tions show  considerable  olivine,  while  biotite  and  labradorite  are 
present  in  many  specimens  and  in  a  single  section  a  crystal  of  what 
appears  to  be  brown  hornblende  was  noted. 

Analyses  of  the  iron  ore  are  given  in  the  following  table: 


Analyses  of  iron  ore  from  Iron  Mountain,  Wyoming. 


A. 

B. 

C. 

D. 

E. 

F.a 

G. 

FesOi 

45.03 

17.96 

.76 

23.49 

3.98 

2.45 

"  "23.'32" 

48.97 
24.55 
6  2.15 
23.18 

"*49.'47' 

47.21 

25.80 

1.21 

22.43 

83.43 

FeO 

SiOj 

1.64 

TiOj 

£20.68 

14.06 

AI*0i 

Cr«0i 

.16 
.11 

Or 

MnOi 

1.53 
1.11 
.47 
1.56 
1.44 
Trace. 

1.14 

CaO 

.22 

ZnO 

MeO 

s. .;..:: 

.04 

d.on 

.03 

1.14 

.03 

p 

.036 



Total 

99.78 
45.49 

'  56.83* 

98.88 
53.33 

100.556 

lietallic  iron 

49.66 

34.29 

58.40 

a  Other  constituents  not  tried  for. 


f>  Insoluble  residue  in  acid. 


cTi  12.42. 


d  PiOs  .026. 


A.  Average  sample  across  width  of  dike  on  north  side  of  Chugwater  Creek.    Analysis  by  Dr.  Eugene 
C.  Sullivan. 

B.  Analysis  by  J.  P.  Carson,  Fourth  Ann.  Rept.  U.  S.  Geol.  Survey  Terr.,  Hayden,  Washington,  D.  C, 
1871,  p.  14. 

C.  Analysis  by  Prof.  O.  D.  Alien,  U.  8.  Geol.  Explor.  40th  Par.,  vol.  2,  p.  14. 

D.  Analysis  by  Professor  Richards,  Mass.  Inst.  Teclinology,  ibid,  p.  15. 

E.  Analysis  by  Prof.  R.  W.  Woodward,  ibid,  p.  14. 

F.  Analysis  by  W.  C.  Knight,  Univ.  Wyoming,  BuU.  Wyoming  Experimental  Station,  No.  14,  p.  177, 
1893. 

O.  Sample  of  Iron  Mountain  ore  smelted  at  Portland  Exi>osition,  loaned  by  Dr.  D.  T.  Day.    Analysis 
by  Columbia  Engineering  Works,  Portland,  Oreg. 

The  iron  content  is  fairly  high,  averaging  perhaps  50  per  cent,  and  the 
most  notable  feature  of  the  ore  is  its  high  titanium  content.  Of  the 
injurious  constituents  besides  titanium,  the  sulphur  in  three  anal- 
yses is  low  and  in  two  others  high,  while  phosphorus  in  the  three 
analyses  in  which  it  was  determined  is  below  the  Bessemer  limit. 
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The  iron  ore  is  younger  than  the  anorthosite,  but  since  each  is  mas- 
sive no  orogenic  movements  of  importance  separated  the  two  intru- 
sions. The  writer  considers  the  iron  ore  and  the  anorthosite  diflFer- 
entiation  products  of  a  common  magma,. the  iron  ore  having  been 
intruded  into  the  anorthosite  after  that  rock  had  completely  solidified. 
The  relationship  of  the  two  rocks  is  shown  not  only  by  their  close 
association,  but  also  by  the  presence  in  each  of  similar  minerals,  the 
two  diflFering  in  the  proportion  rather  than  in  the  kind  of  minerals 
composing  them.  Iron  ore  is  locally  abundant  in  the  anorthosite 
near  the  iron-ore  lens,  while  feldspar  occurs  sparingly  in  the  iron  ore, 
and  biotite  and  olivine  are  present  in  each.  Chemically  the  mono- 
cHnic  pyroxene  of  the  anorthosite  and  the  monoclinic  hornblende  of 
the  iron  ore  probably  approximately  balance  one  another.  Apatite, 
present  in  the  anorthosite,  was  not  observed  in  the  iron  ore,  although 
the  phosphorus  determined  in  two  analyses  of  the  ore  probably  indi- 
cates its  presence.  The  spinel  of  the  ore  is,  then,  the  only  mineral  not 
common  to  both  rocks.  Spinel  has,  however,  been  found  in  rocks 
rather  similar  to  the  anorthosite  in  composition  from  other  regions. 

The  loose  masses  of  iron  ore  broken  off  from  the  main  mass  have 
already  been  mentioned.  Chugwater  Creek  has  carried  these  down- 
stream and  rounded  them,  and  it  was  these  rounded-ore  pebbles  that 
first  attracted  the  notice  of  the  early  explorers.  Where  the  Colorado 
and  Southern  Railroad  crosses  the  creek,  10  miles  from  the  iron-ore 
body,  the  pebbles  are  1  inch  in  diameter  and  beautifully  rounded. 
Much  larger  pebbles  of  iron  ore,  some  6  inches  in  diameter,  occur  in  the 
Pleistocene  terrace  deposits  that  characterize  this  portion  of  the  front 
of  the  Rocky  Mountains.  The  diflFerence  in  the  size  of  the  bowlders 
in  the  two  stream  deposits  rudely  indicates  the  differences  between  the 
transporting  power  of  the  stream  depositing  them. 

Apparently  the  youngest  of  the  pre-Cambrian  rocks  is  a  granite. 
This  certainly  occurs  in  dikes  in  the  anorthosite  and  probably  cuts  the 
iron  ore  as  well.  It  is  a  pinkish-gray,  medium-grained  biotite  granite, 
some  specimens  of  which  contain  pink  porphyritic  feldspars  one-half 
inch  long.  It  grades  into  and  is  cut  by  a  biotite  pegmatite.  Magne- 
tite is  at  some  places  present  in  the  pegmatite,  and  at  such  places  the 
magnetite,  which  distinctly  belongs  to  the  pegmatite  period  of  intru- 
sion, impregnates  the  immediately  surrounding  granite.  Under  the 
microscope  the  granite  is  seen  to  be  an  even  granular  rock  rich  in 
microcline  and,  for  a  granite,  rather  poor  in  quartz. 

The  presence  of  an  iron  ore  as  a  visible  constituent  of  the  three 
igneous  rocks  of  this  area  and  as  the  dominant  constituent  of  one  of 
them  is  worthy  of  note.  This,  then,  may  be  considered  a  pre-Cam- 
brian metallographic  province,®  characterized  by  abundant  magnetite. 

ogpurr,  J.  E.,  Prof.  Paper  U.  S.  Geol.  Survey  No.  42, 1905,  p.  276. 
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The  immense  ore  body  at  Iron  Mountain,  extending  1 }  miles  with  an 
average  width  of  perhaps  175  feet,  is,  like  granite,  an  igneous  rock  and 
is  likely  to  hold  its  width  for  a  great  depth  from  the  surface  or  even, 
perhaps,  to  thicken  somewhat  with  increasing  depths.  Chugwater 
Creek  has  cut  a  deep  channel  through  the  ore,  and  in  consequence  con- 
ditions are  favorable  for  open-pit  mining.  A  narrow-gage  railroad 
could  be  built  from  the  Colorado  and  Southern  Railroad  at  Iron  Moun- 
tain to  the  deposit  or,  at  considerably  greater  expense,  a  broad-gage 
road  could  be  constructed.  The  cost  of  fuel  in  this  portion  of  Wyo- 
ming is  surprisingly  high  in  view  of  the  proximity  of  coal  mines. 
Chugwater  Creek  is  too  small  a  stream  to  produce  cheap  electric 
power,  which,  however,  might  be  obtained  from  some  of  the  Colorado 
power  companies. 

In  the  present  day  smelter  practice  iron  ores  with  such  high  tita- 
nium content  are  practically  valueless,  but  progress  is  being  made  in 
the  treatment  of  these  ores,  and  at  some  future  time  the  deposit  at 
Iron  Mountain  will  doubtless  be  of  great  commercial  importance. 

Titanium  is  very  undesirable  in  iron  ores  because  of  its  refractory 
character,  its  ores  being  practically  unreducible  at  the  temperature  of 
blast  or  open-hearth  furnaces.  As  a  constituent  of  iron  and  steel, 
however,  titanium  increases  toughness  and  tensile  strength.  In  con- 
sequence the  production  of  high-grade  iron  from  titaniferous  ores  is 
under  some  conditions  profitable.  Titaniferous  iron  ores  have  been 
successfully  smelted  in  Sweden,  England,  and  the  United  States,  but 
even  in  Sweden  the  cost  was  so  great  that  the  annual  output  has  grad- 
ually diminished,  until,  in  1892,  the  Taberg  mine  produced  but  40  tons 
of  pig  as  against  9,204  tons  in  1875.®  Mr.  A.  J.  Rossi^  in  the  early 
nineties  successfully  smelted  ores  with  20  per  cent  TiOj  in  smelters  of 
3-ton  daily  capacity.  Thirteen  years  after  the  publication  of  his  arti- 
cle, however,  no  attempt  has  been  made  to  verify  his  results  on  a  com- 
mercial scale. 

Some  attempts  to  separate  the  nontitaniferous  from  the  titanifer- 
ous ores  by  magnetic  processes  have  been  partially  successful.  The 
waste  of  iron,  however,  since  titaniferous  iron  itself  carries  consider- 
able  iron,  is  so  great  that  the  process  is  commercially  a  failure.  This 
process  requires  fine  crushing,  and  hence,  subsequently,  briquetting. 

aHulst,  Nv  P.,  Proc.  Lake  Superior  Mining  Institute,  vol.  10,  p.  40. 
6  Trans.  Am.  Inst.  Min.  Eng.,  vol.  21,  pp.  832-867, 1893. 
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The  most  promising  method  of  treating  titaniferous  iron  ores  is 
reduction  in  the  electric  furnace.  Experimentally  the  process  is  suc- 
cessful, and  its  commercial  application  is  wholly  a  question  of  cost. 
Concerning  this  F.  W.  Harbord  "  states: 

Pig  iron  can  be  produced  on  a  commercial  scale  at  a  price  tx)  compete  with  the  blast 
furnace  only  when  electric  energy  is  very  cheap  and  fuel  very  dear.  On  the*  basis 
taken  in  this  report  with  electric  energy  at  $10  per  estimated  horsepower  year  and 
coke  at  $7  per  ton,  the  cost  of  production  is  approximately  the  same  as  the  cost  of  pro- 
ducing pig  iron  in  a  modem  blast  furnace. 

Under  ordinary  conditions  where  blast  furnaces  are  an  established  industry,  electric 
smelting  can  not  compete,  but  in  special  cases  where  ample  water  power  is  available, 
and  blast-furnace  coke  is  not  readily  obtainable,  electric  smelting  may  be  commer- 
cially successful. 

These  conclusions  apply  to  nontitaniferous  ores,  although  Dr. 
Eugene  Haanel^  says: 

The  experiment  made  with  a  titaniferous  iron  ore  containing  17.82  per  cent  of  titanic 
acid  permits  the  conclusion  that  titaniferous  iron  ores  up  to  perhaps  5  per  cent  titanic 
acid  can  be  successfully  treated  by  the  electric  process. 

In  1905-6  experiments  in  smelting  magnetic  iron  ores  electrically 
were  carried  on  under  the  direction  of  Dr.  David  T.  Day  of  the  U.  S. 
Geological  Survey,  at  Portland,  Oreg.  In  the  course  of  the  experi- 
ments cast  iron  of  good  quality  was  obtained  from  the  titaniferous 
ores  of  Iron  Mountain,  Wyoming.  An  analysis  of  the  impurities  in  this 
iron  is  given  below: 

Impurities  in  iron  froduced  from  titaniferous  ores  of  Iron  Mountain,  Wyoming, 

Silicon 0. 93 

Manganese None. 

Phosphorus 074 

Sulphur 005 

Total  carbon 4. 3 

Titanium 53 

Chromium 09 

Doctor  Day  states  that  3,760  kilowatt  hours  were  used  on  the  aver- 
age in  smelting  a  ton  of  2,000  pounds  of  pig  iron  produced,  the  total 
charge  averaging  approximately  two  of  the  Wyoming  iron  to  one  of 
briquettes  made  of  Pacific  coast  magnetite  sands.  During  a  run  of 
2,583  pounds  of  iron,  205  pounds  of  graphite  electrode  were  con- 
sumed. 

o  Kept,  of  Commission  appointed  to  investigate  the  different  electro-thermic  processes  for  the  smelt- 
ing of  iron  ores  and  the  making  of  steel  in  operation  in  Europe:  Dept.  of  the  Interior,  Ottawa,  1900,  pp. 
115-116. 

6  Prel.  rept.  on  experiments  made  at  Sault  Ste.  Marie,  Ontario,  under  government  auspices,  in  the 
smelting  of  Canadian  iron  ores  by  the  electric-thermic  process,  Dept.  of  Interior,  Ottawa,  1906,  p.  23. 
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In  addition  to  the  papers  listed  above,  iron  deposits  of  more  or  less 
importance  have  been  described  in  the  following  geologic  folios  (for 
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ALUMINUM  AND  BAUXITE. 

The  known  bauxite  districts  of  the  United  States  were  examined 
and  described  in  detail  some  years  ago  by  C.  W.  Hayes,  and  so  far  no 
large  extension  of  the  industry  has  taken  place  outside  the  area  cov- 
ered by  his  work.  That  such  an  extension  is  possible,  however,  is 
evidenced  by  discoveries  which  have  been  made  during  the  last  three 
years.  Bauxite  deposits  of  more  or  less  promise  have  been  uncovered 
in  the  vicinity  of  Fort  Payne,  Ala.,  as  well  as  in  Tennessee,  Virginia, 
and  Pennsylvania.  In  all  these  places  the  bauxite  is  associated  with 
Cambrian  or  Gambro-Ordovician  rocks— the  Knox  or  Shenandoah 
limestone  of  the  valley  regions — so  that  the  newly  found  ore  bodies 
correspond  closely  to  the  type  described  by  Hayes  from  Alabama  and 
Georgia. 

THE  GILA  RIVER  ALUM  DEPOSITS. 


By  C.  W.  Hayes. 


INTRODUCTION. 


The  deposits  described  in  the  following  pages  occupy  a  small  arid 
region  in  Grant  County,  N.  Mex.,  on  both  sides  of  Gila  River.  This 
area  embraces  portions  of  sees.  19,  20,  29,  and  30,  T.  13  S.,  R.  13  W. 
It  is  about  27  miles  due  north  of  Silver  Gity  and  is  at  present  accessible 
from  that  point  by  a  wagon  road  which  reaches  Gila  River  at  Lyons 
Hot  Springs,  about  6  miles  above,  and  thence  follows  the  river  down 
to  the  mouth  of  Alum  Greek. 

The  locality  was  visited  in  1893  by  W.  P.  Blake,  who  published  a 
brief  account  of  the  deposits  in  the  Transactions  of  the  American  Insti- 
tute of  Mining  Engineers,  vol.  24,  1894.  A  somewhat  more  extended 
report  by  Professor  Blake  is  contained  in  a  pamphlet  published  pri- 
vately in  1893  by  A.  T.  Johnston,  owner  of  the  property.  So  far  as 
known  these  are  the  only  publications  containing  any  first-hand 
information  concerning  the  deposits,  though  they  have  been  known 
to  prospectors  and  ranchers  for  many  years.  Some  material  from  the 
deposits  was  analyzed  by  F.  W.  Glarke  in  the  laboratory  of  the 
United  States  Geological  Survey  in  1884,  and  the  results  of  the 
analysis  were  published  in  Bulletin  No.  9,  though  without  further 
information  concerning  the  deposits  than  their  general  location. 
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Professor  Blake  devoted  parts  of  only  two  days  to  the  examination 
of  these  deposits,  and  the  actual  time  spent  on  them  by  the  writer  was 
less  than  three  days,  so  that  the  geologic  work  thus  far  done  must  be 
regarded  as  purely  of  a  reconnaissance  character  and  the  conclusions 
as  preliminary  and  tentative. 

TOPOGRAPHIC   RELATIONS. 

The  alum  deposits  occupy  a  nearly  circular  depression  below  the 
general  level  of  the  volcanic  plateau.  Gila  River  cuts  through  the 
northern  edge  of  this  depression,  and  Alum  Creek  intersects  its  eastern 
portion  from  south  to  north.  The  elevation  of  the  river  is  about 
4,000  feet  above  sea  level;  the  rim  of  the  basin  is  between  2,000  and 
3,000  feet  higher.  The  inner  slopes  of  the  basin  rim  are  very  steep 
and  generally  surmounted  by  basaltic  cliffs.  Except  where  the  river 
enters  and  leaves  the  basin  and  at  one  point  where  Alum  Creek  heads 
against  the  upper  branches  of  Copperas  Creek,  the  rim  is  practically 
continuous.  The  latter  point  has  been  selected  for  a  trail  which  by 
way  of  Copperas  Creek  and  the  Sapio  affords  the  most  direct  approach 
to  the  basin. 

Within  this  basin  is  a  group  of  hills,  the  highest  of  which,  Alunogen 
Ridge,  rises  from  1,000  to  1,200  feet  above  the  river.  These  hills  are 
separated  by  Alum  Creek  and  its  branches  into  three  groups.  The 
largest  group,  with  Alimogen  Ridge  along  its  southern  border,  lies 
west  of  Alum  Creek,  between  the  west  fork  and  the  Gila.  On  the 
west  it  is  separated  by  a  deep  depression  from  the  western  rim  of  the 
basin.  East  of  Alum  Creek  is  a  smaller  group  of  hills,  culminating  in 
a  sharp  peak  something  over  800  feet  above  the  river  and  separated 
from  the  east  rim  of  the  basin  by  a  shallow  depression.  Between  the 
two  main  forks  of  Alum  Creek  is  a  third  and  smaller  group,  forming 
the  point  of  a  spur  from  the  southern  rim  of  the  basin.  This  group 
consists  of  a  series  of  pinnacles  and  isolated  buttes  with  nearly  vertical 
sides.  North  of  the  rim  a  fourth  group  of  hills  rises  abruptly  from  the 
slope  of  the  basin. 

These  hills  within  the  basin  are  entirely  distinct  in  form  from  any 
other  topographic  features  of  the  region.  They  are  characterized  by 
great  numbers  of  pinnacles  and  isolated  buttes  rising  abruptly  from 
steep  talus  slopes.  The  cliffs  are  weathered  into  innumerable  intri- 
cate and  fantastic  forms  and  in  many  places  are  covered  with  heavy 
masses  of  incrustations.  Even  more  striking  than  their  peculiar  form 
is  their  varied  and  brilliant  coloring,  which  forms  a  strong  contrast 
with  the  somber  greenish  gray  and  black  of  the  surrounding  basaltic 
basin  rim.  The  prevailing  colors  are  white  and  red,  with  all  shades 
of  pink,  yellow,  and  green. 
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GEOLOGIC   RELATIONS. 

This  portion  of  New  Mexico  is  occupied  wholly  by  igneous  rocks, 
the  nearest  sedimentary  beds  being  Carboniferous  limestone  in  the 
vicinity  of  Santa  Rita,  20  miles  to  the  southeast.  The  canyon  of  Gila 
River  exhibits  a  great  series  of  lava  flows  alternating  with  volcanic 
tuffs  and  breccias.  At  Lyons  Hot  Springs  the  lower  200  or  300  feet 
consists  of  generally  vertical  cliflFs  of  Ught-gray  rhyolite.  Above  this 
is  a  great  thickness  of  andesitic  breccia,  containing  large  fragments  of 
basalt.  This  resembles  a  very  coarse  conglomerate  and  may  be  in 
part  water-laid.  Between  Lyons  Hot  Springs  and  Alum  Creek  the 
rhyoHte  and  the  overlying  breccia  disappear  and  are  replaced  by  a 
series  of  basalt  sheets  which  extend  from  the  level  of  the  river  to  the 
summit  of  the  plateau,  3,000  feet  or  more  above. 

The  rocks  which  are  of  chief  importance  in  the  present  connection, 
and  which  occupy  the  greater  part  of  the  topographic  depression 
described  above,  are  andesitic  breccias.  Although  this  rock  presents 
considerable  variation  in  appearance,  its  different  phases  grade  into 
each  other  and  there  is  nowhere  any  diflEiculty  in  distinguishing  it  from 
the  surrounding  basalt.  Its  breccia  character  is  generally  evident  to 
the  unaided  eye,  the  rocks  being  made  up  of  angular  fragments  embed- 
ded in  a  fine-grained  groundmass.  The  angular  inclusions  are  in  the 
main  similar  to  the  matrix  in  composition  and  structure,  though  some- 
what finer  grained.  Here  and  there  they  are  composed  of  an  entirely 
distinct  type  of  rock.  This  is  most  common  near  the  contact  with 
tlie  basalt,  where  fragments  of  that  rock  are  in  places  abundant.  Con- 
jpiderable  portions  of  the  rock,  however,  show  no  breccia  character. 

This  andesitic  volcanic  breccia  will  be  referred  to  as  the  alum  rock. 

DISTRIBUTION  AND  RELATIONS  TO  BASALT. 

The  distribution  of  the  alum  rock  is  shown  on  the  accompanying 
sketch  map  (fig.  6).  Owing  to  lack  of  time,  contacts  were  traced  in 
detail  at  only  a  few  points,  and  they  will  doubtless  be  materially 
modified  by  further  study.  In  a  general  way,  however,  the  map 
shows  the  more  important  facts  of  distribution. 

It  will  be  seen  that  the  main  mass  of  the  alum  rock  occupies  a  nearly 
circular  area,  lying  for  the  most  part  south  of  Gila  River  and  west  of 
Alum  Creek.  About  the  margins  of  this  main  mass  are  smaller  areas 
occupied  by  the  alum  rock,  the  largest  being  north  of  the  river  and 
several  small  ones  lying  in  the  upper  basin  of  Alum  Creek.  It  is  pos- 
sible that  the  mass  north  of  Gila  River  is  continuous  with  the  main 
mass  to  the  south,  though  more  probably  it  is  entirely  distinct. 
Doubtless  there  are  other  small  masses  in  addition  to  those  shown  on 
the  map. 
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The  relations  of  the  alum  rock  to  the  adjacent  basalt  are  well  shown 
on  the  steep  eastern  slope  of  Alum  Canyon.  The  contact  here  extends 
about  N.  60°  R.,  and  is  marked  by  a  deep,  narrow  ravine.  To  the 
north  the  alum  rock  forms  a  series  of  pinnacles  and  in  places  the  origi- 
nal outer  surface  of  the  mass  is  shown,  the  basalt  having  been  the  more 
easily  eroded  of  the  two  rocks.  At  this  point  the  contact  is  vertical 
and  the  alum  rock  contains  numerous  fragments  of  the  basalt  up  to 
several  feet  in  diameter.  The  relations  here  indicate  clearly  that  the 
alum  rock  has  broken  through  the  basalt  in  the  form  of  an  igneous 


Fia.  ^.—Sketch 


intrusion,  probably  with  intense  explosive  violence.  The  basalt 
shows  a  foliation  or  platy  structure  parallel  to  the  contact  and  extend- 
ing several  feet  from  it.  Within  this  zone  it  is  deeply  weathered  to  a 
greenish  clay,  though  the  structure  of  the  rock  remains. 

Similar  relations  between  the  alum  rock  and  the  basalt  were  ob- 
served at  several  other  points,  notably  on  the  point  of  the  ridge 
between  the  forks  of  AJum  Creek  and  along  the  western  mai^in  of 
the  main  mass.  In  every  place  where  the  contact  was  well  exposed 
it  was  either  vertical  or  at  a  high  angle,  and  the  alum  rock  contained 
fragments  of  the  basalt.     One  peculiar  feature  shown  by  the  map  is 
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the  large  body  of  basalt  entirely  surrounded  by  the  alum  rock,  near 
the  center  of  the  maixi  mass.  Although  its  relations  are  obscure,  this 
appears  to  be  merely  a  large  inclusion,  broken  off  from  some  under- 
lying basalt  sheet  and  floated  up  to  its  present  position  by  the  intruded 
mass. 

ALUM    ROCK. 

The  most  striking  peculiarity  of  the  alum  rock  is  its  extreme 
alteration.  This  is  evident  to  the  unaided  eye  and  even  more  so 
when  the  rock  is  examined  under  the  microscope.  Careful  search 
failed  to  reveal  at  any  point  within  the  Alum  Creek  basin  a  trace  of 
the  unaltered  breccia  for  determination  of  its  original  character. 
Where  exposed  to  leaching,  as  in  the  upper  parts  of  pinnacles  and 
cliflfs,  the  rock  is  invariably  porous,  giving  a  hollow  sound  under  the 
hammer.  It  is  evident  that  a  considerable  part  of  its  substance  has 
been  removed  in  solution. 

The  least  altered  phase  of  the  alum  rock  is  seen  in  tunnel  No.  2, 
which  is  driven  about  180  feet  into  the  face  of  the  cliff  on  the  east 
side  of  Alum  Canyon.  The  rock  is  fine  grained  and  was  originally 
composed  of  minute  crystals  of  plagioclase  feldspar  embedded  in  a 
glassy  groundmass.  Both  feldspar  crystals  and  matrix  are  much 
altered,  only  the  outlines  of  the  former  remaining.  There  are  also 
abundant  very  fine,  dustlike  particles  of  pyrite.  Near  the  face  of  the 
cUff  the  rock  is  white  and  chalky,  but  a  few  feet  in  from  the  face  it 
has  a  white  chalky  base  more  or  less  mottled  with  bluish-gray  patches 
in  which  the  alteration  is  evidently  less  complete.  A  rock  originally 
very  similar  to  that  in  tunnel  No.  2  forms  the  point  of  the  spur 
between  the  forks  of  Alum  Creek. 

The  composition  of  the  various  phases  of  the  alum  rock  is  shown  in 
the  accompanying  analyses. 

Analyses  of  alum  rock  from  Gila  River,  New  Mexico. 

[W.  T.  Schaller,  analyst.] 


Soluble  in  water: 

AltOH-FexOa 

SOs 

Insoluble  in  water: 

Si0« 

A1,0,  (4-TiOj) 

FejOs  (total  iron) 

Loss  on  ignition 

Ignited  residue  insoluble  in  water. 


A. 


0.51 
1.83 

55.76 
20.64 
4.16 
18.07 
81.19 


C. 


0.22 
1.J64 

50.45 
18.61 
3.79 
23.85 
76.16 


D. 


57.25 
32.27 
Trace. 
12.07 
88.00 


83.51 

5.55 

Trace. 

7.38 

91.69 


A.  Alum  rock,  white,  mottled  bluish  gray,  from  tunnel  No.  2,  50  feet  from  mouth  of  tunnel. 

B.  Alum  rock,  disint^rated,  from  dump  of  tunnel  No.  2. 

C.  Alum  rock,  white,  chalky,  from  point  of  ridge  between  forks  of  Alum  Creek. 

D.  Alum  rock,  pinkish  white,  porous,  from  summit  of  Alunogen  Ridge. 

Of  the  four  samples  analyzed  A  and  B  represent  practically  the 
same  material,  the  only  difference  being  that  the  material  otv  tfe^fo 
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dump  has  been  thoroughly  disintegrated  by  exposure  to  the  weather 
for  thirteen  years.  It  contains  nearly  6  per  cent  more  water  and  less 
silica  and  alumina  than  the  tunnel  rock,  though  the  ratio  of  silica  to 
alumina  is  practically  the  same  in  both.  In  C  the  ratio  of  siUca  to 
alumina  is  lowest  and  the  material  contains  practically  no  iron.  D 
is  highly  siliceous,  as  was  to  be  expected  from  its  appearance  and  its 
exposed  position. 

INCRUSTATIONS. 

Two  forms  of  incrustations  having  entirely  different  chemical 
composition  are  common  in  association  with  the  alum  rock  wherever 
the  conditions  are  favorable  for  their  accumulation. 

Upon  the  sides  of  the  cliflfs,  particularly  where  they  overhang  or 
are  undercut  and  pitted  by  erosion  and  afford  some  protection  from 
rain,  are  extensive  deposits  of  material,  evidently  leached  out  of  the 
adjacent  rock  and  deposited  from  solution.  These  incrustations 
vary  in  thickness  from  a  few  inches  to  3  or  4  feet.  The  outer  surface 
has  a  fluted  appearance,  resembling  some  stalactitic  cave  deposits. 
It  is  generally  yellowish  white  in  color  and  is  fairly  hard,  with  a 
porous,  cellular  structure.  Within  this  outer  crust  the  material  is 
much  softer  and  in  many  places  occurs  as  a  perfectly  white  powder. 
This  incrustation  consists  of  the  hydrated  sulphate  of  aluminum, 
alimogen.  The  white  powdery  material  is  very  pure  and  has  prac- 
tically the  theoretical  composition  of  alunogen;  the  outer  crust  con- 
tains a  slight  amount  of  impurities  and  less  than  the  theoretical 
amount  of  water. 

The  following  analyses  give  the  composition  of  this  incrustation : 

Analyses  of  alunogen  from  Gila  River,  New  Mexico. 


A. 

B. 

C. 

AlsOs.. 

16.29 
36.93 
46.45 

15.52 

34.43 

42.56 

7.62 

15.3 

SOs.... 

36.0 

HaO... 

48.7 

Insolub 

le  residue 

■ 

99.67 

100.13 

100.0 

A.  Analyst,  Georee  H.  Corey.    Carefully  selected  crystals. 

B.  Analyst,  F.  W.  Clarke.    PinMsli  crusts.    Bull.  U .  S.  Geol.  Survey  No.  9,  1884,  p.  13. 

C.  Theoretical  composition  of  alunogen— Als(S04)  8+ 18  HjO. 

The  second  form  of  incrustation  is  most  abundant  on  the  walls  of 
the  tunnels  which  have  been  driven  into  the  alum  rock,  particularly 
in  No.  2.  This  tunnel  was  driven  in  1893,  and  since  that  time  its 
walls  have  become  coated  with  a  heavy  incrustation  from  3  to  6  inches 
thick,  consisting  of  halotrichite,  a  silky  fibrous  mineral  closely  resem- 
bling asbestos  in  appearance.  It  has  a  very  pale  greenish  color  and 
a  strongly  astringent  taste.     The  outer  exposed  surface  of  the  incrus- 
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tation  has  generally  lost  its  fibrous  structure,  becoming  compact  and 
assuming  a  yellowish  color.  Although  the  incrustation  may  be  sev- 
eral inches  thick,  the  individual  fibers  are  rarely  more  than  a  third  or 
a  half  of  an  inch  in  length,  the  crust  being  made  up  of  successive  layers 
of  short  crystals.  Each  layer  probably  represents  the  growth  of  a 
single  season  during  which  the  supply  of  percolating  water  was  rela- 
tively abundant.  The  layers  of  crystals  are  in  places  separated  by  a 
very  thin  film  of  the  rock  which  has  been  split  off  by  the  growth  of  a 
subsequent  layer  of  crystals. 

The  chemical  composition  of  this  fibrous  halotrichite  is  shown  below. 

Analyses  of  halotrichite  from  Gila  River,  New  Mexico. 


FeO 

AI2O3. . . . 

SO3 

HaO 

Insoluble. 


7.94 
11.77 
35.25 
45.09 


100.05 


13.59 

7.27 

37.19 

40.62 

.50 

7.8 
11.0 
34.5 
46.7 

99.17 

roo 

A.  Analyst,  W.  T.  Schallcr.    Carefully  selected  fibrous  crystals  from  tunnel  No.  2. 

B.  Analyst.  F.  W.  Clarke.    "Fibrous  mineral  of  silky  luster."    Bull.  U.  S.  Geol.  Survey  No.  9, 1884. 
Contains  a  trace  of  FejOs. 

C.  Theoretical  composition  of  halotrichite— FeS04+Als(S04) 3+ 24njO. 

As  shown  in  the  foregoing  analyses,  the  halotrichite  is  the  double 
sulphate  of  aluminum  and  iron,  and  the  alunogen  is  the  sulphate  of 
aluminum  and  is  free  from  iron  except  as  a  minor  impurity.  The 
relations  of  the  two  minerals  may  be  explained  as  follows : 

As  a  result  of  chemical  reactions  within  the  alum  rock  the  double 
sulphate,  halotrichite,  is  formed.  This  is  carried  to  the  surface  in  solu- 
tion by  the  slow  capillary  circulation  and  on  the  evaporation  of  the 
solvent  water  is  deposited  as  a  crystalline  incrustation.  Wherever 
water  subsequently  gains  access  to  this  deposit  it  is  redissolved  and 
carried  downward.  This  solution,  however,  particularly  when  it 
forms  a  thin  film  trickling  down  the  face  of  a  cliff,  affords  abundant 
opportunity  for  oxidation  and  the  iron  is  converted  from  the  ferrous 
to  the  ferric  state  and  thereby  becomes  insoluble.  It  is  deposited  as 
ferric  oxide,  which  accounts  for  the  prevalence  of  red  color  in  the 
rocks  and  soil,  whereas  the  aluminum  sulphate,  unaffected  by  the 
oxidizing  conditions,  remains  in  solution  and  either  passes  off  with  the 
surface  waters  or  by  the  evaporation  of  the  water  is  deposited  in 
stalactitic  forms  and  incrustations  upon  the  cliffs. 

In  the  report  already  cited,  Blake  suggests  two  methods  by  which 
the  chemical  reactions  necessary  for  the  formation  of  sulphates  within 
the  alum  rock  may  be  produced,  namely,  (1)  the  oxidation  of  the  con- 
tained pyrite  with  the  production  of  free  sulphuric  acid,  and  (2)  thQ 

Bull.  315—07 15 
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ascent  of  acid  solutions  and  gases  from  a  deep  source  with  the  result- 
ing solfataric  action  which  often  characterizes  the  final  phases  of  vol- 
canic activity. 

The  andesitic  breccia  generally  contains  fine  disseminated  grains  of 
pyrite,  probably  enough  to  produce  by  their  oxidation  the  necessary 
sulphuric  acid  for  all  the  sulphates  present.  So  far  as  observed,  how- 
ever, the  pyrite  in  the  alum  rock  is  perfectly  fresh  and  unoxidized. 
Further,  the  mineral  halotrichite,  which  seems  to  have  been  the  form 
of  sulphate  first  formed,  is  extremely  unstable  under  oxidizing  con- 
ditions, the  iron  passing  readily  to  the  ferric  condition  and  becoming 
at  once  insoluble.  Hence  halotrichite  could  not  be  formed  under 
conditions  favorable  for  the  oxidation  of  pjo^ite.  If  the  pyrite  had 
been  the  source  of  the  sulphuric  acid  the  mineral  produced  would  have 
been  one  of  the  more  stable  sulphates. 

Another  source  for  the  sulphuric  acid  must  therefore  be  sought, 
and  its  volcanic  origin  is  at  once  suggested.  As  has  been  shown,  the 
alum  rock  was  originally  an  andesitic  breccia  which  filled  the  neck  of  a 
volcano.  This  volcanic  neck  cuts  through  and  is  therefore  later  than 
the  great  basaltic  lava  sheets  which  occupy  so  much  of  this  region.  It 
may  very  easily  have  been  active  in  late  Tertiary  or  Quaternary  time 
and  have  been,  in  part,  at  least,  the  source  of  the  great  beds  of  tuff 
and  breccia  which  fill  an  old  valley  to  the  north,  now  in  part  reexca- 
vated  by  Gila  River.  The  brecciated  character  of  the  material  filling 
the  volcanic  conduit  permitted  the  easy  ascent  and  circulation  of 
gases  and  solutions  from  great  depths,  and  if  these  contained  free 
sulphuric  acid  they  would  be  entirely  competent  to  produce  the  altera- 
tion observed  in  the  breccia  and  the  sulphates  which  it  contains. 
The  alteration  is  confined  almost  entirely  to  the  breccia  within  the 
volcanic  conduit,  generally  extending  only  a  short  distance  into  the 
surrounding  basalt.  The  alteration  of  the  basalt  is  most  extensive 
where  it  was  most  fractured  by  the  intrusion,  as  in  the  vicinity  of  the 
numerous  small  intrusions  of  breccia  southeast  of  the  main  mass.  As 
the  basalt  consisted  largely  of  ferromagnesian  minerals,  it  yielded 
under  the  action  of  the  acid  solutions  chiefly  hydrated  magnesian  sili- 
cates and  g\^sum,  the  latter  being  rather  abundant  as  selenite  crys- 
tals in  the  residual  greenish  clay. 

The  determination  of  the  agent  producing  the  chemical  changes  in 
the  breccia  has  more  than  a  theoretical  scientific  interest.  If  these 
changes  were  due  to  the  acid  produced  by  the  oxidation  of  pyrite, 
they  would  not  be  expected  to  extend  beyond  the  relatively  shallow 
zone  of  oxidation.  If,  on  the  other  hand,  they  are  due  to  ascending 
acid  solutions,  they  may  be  expected  to  extend  to  much  greater 
depths. 

It  is  probable  that  the  fumarolic  activity  to  which  the  chemical 

changes  appear  to  be  due  has  entirely  ceased  in  this  particular  vol- 

can/c  neck.     No  thermal  springs  and  no  emanations  of  acid  gases 
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have  been  observed  within  the  area  of  the  akim  basin.  A  few  miles 
distant  up  Gila  Canyon  hot  springs  occur  at  three  separate  points. 
No  analyses  of  the  waters  from  these  springs  are  available,  but  they 
show  no  evidence  of  being  highly  mineralized.  The  only  deposit  at 
these  vents  is  a  very  sUght  incrustation  of  the  rocks  over  which  the 
waters  flow,  and  this  is  apparently  silica.  Their  presence,  therefore, 
near  the  breccia-filled  volcanic  vent  is  probably  without  significance. 

UTILIZATION. 

In  his  paper  on  these  deposits  Blake  states  that  the  residual  rock 
from  which  the  soluble  sulphates  have  been  leached  consists  essen- 
tially of  hydrated  aluminum  oxide  or  bauxite.  The  analyses  given 
on  page  219  do  not  indicate  the  presence  of  free  aluminum  oxide,  but, 
on  the  contrary,  show  that  the  residual  rock  is  essentially  the  sihcate 
of  aluminum,  having  approximately  the  composition  of  kaoUn.  The 
value  of  the  deposits  will  therefore  depend  on  the  utilization  of  the 
soluble  sulphates  which  they  contain.  The  present  surface  accumu- 
lations of  alunogen,  though  probably  amounting  to  many  hundreds 
or,  more  probably,  thousands  of  tons,  represent  but  an  insignificant 
quantity  compared  with  the  sulphates  still  in  the  rock.  Wherever 
observed  the  rock  is  highly  porous,  and  the  extent  of  its  porosity 
represents  the  amount  of  material  removed.  In  the  higher  and  more 
exposed  ledges  the  rock  is  thoroughly  leached  and  will  yield  nothing 
more.  At  lower  levels  the  rock  still  contains  a  part  of  its  soluble 
constituents,  which  are  coining  to  the  surface  by  the  capillary  circu- 
lation of  surface  waters.  The  extent  of  this  loss  is  shown  in  tunnel 
No.  2,  where  the  average  annual  accumulation  of  halotrichite  is  about 
half  an  inch.  No  test  has  been  made  of  the  rock  below  drainage  level, 
but  it  is  probable  that  here,  where  there  has  been  no  opportunity  for 
leaching,  will  be  found  the  largest  amount  of  soluble  constituents. 

Since  this  deposit  presents  so  many  unique  characteristics,  it  is 
hazardous  to  venture  a  prediction  as  to  its  future  utilization.  New 
methods  of  mining  and  treatment  must  be  devised  to  meet  the  pecul 
iar  conditions,  and  success  will  depend  largely  on  the  skill  with 
which  the  problem  is  handled.  That  there  exists  here  an  almost 
unUmited  supply  of  aluminum  sulphate  appears,  however,  certain, 
and  in  view  of  the  rapidly  growing  demand  for  this  substance  in  the 
arts,  in  sanitary  engineering,  and  as  a  source  of  the  metal,  there  is 
little  question  that  the  supply  will  in  time  be  fully  utilized.  The 
essentials  for  such  utilization  appear  to  be  transportation  faciUties 
and  chemical  engineering  skill. 


SURVEY  PUBLICATIONS  ON  ALUMINUM  ORES- 
BAUXITE,  CRYOLITE,  ETC. 

The  following  reports  published  by  the  Survey  contain  data  on  the 
occurrence  of  aluminum  ores  and  on  the  metallurgy  and  uses  of 
aluminum : 

Canby,  H.  S.     The  cryolite  of  Greenland.     In  Nineteenth  Ann.  Kept.,  pt.  G,  pp. 
615-617.     1898. 
Hayes,  C.  W.     Bauxite.     In  Mineral  Resources  U.  S.  for  1893,  pp.  159-167.     1894. 

The  geological  relations  of  the  southern  Appalachian  bauxite  deposits.     In 

Trans.  Am.  Inst.  Min.  Eng.,  vol.  24,  pp.  243-254.     1895. 

Bauxite.     In  Sixteenth  Ann.  Rept.,  pt.  3,  pp.  547-597.     1895. 

The  Arkansas  bauxite  deposits.     In  Twenty-first  Ann.   Rept.,  pt.   3,  pp. 

43^-472.     1901. 

ScHNATTERBECK,  C.  C.  Aluminuui  and  bauxite  [in  1904J.  In  Mineral  Resources 
U.  S.  for  1904,  pp.  285-294.     1905. 

Spurr,  J.  E.  .Alum  deposits  near  Silver  Peak,  Esmeralda  County,  Nev.  In  Bul- 
letin No.  225,  pp.  501-502.     1904. 

Struthers,  J.  Aluminum  and  bauxite  [in  1903 J.  In  Mineral  Resources  U.  S.  for 
1903,  pp.  265-280.     1904. 
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PORTLAND  CEMENT  MATERIALS  NEAR 

DUBUQUE,  IOWA. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

In  the  summer  of  1 905  a  detailed  geologic  survey  of  the  Tjancaster 
quadrangle,  lying  mainly  in  Wisconsin  and  Iowa,  was  made  by  J.  R. 
Banister,  A.  W.  Lewis,  and  the  writer.  During  the  survey  particular 
attention  was  given  to  the  investigation  of  certain  natural  resources 
of  the  district,  among  them  the  beds  of  limestone  and  clay,  with  a 
view  to  ascertaining  their  value  for  making  Portland  cement.  The 
Iowa  Geological  Survey  cooperated  in  the  work  to  the  extent  of  mak- 
ing chemical  analyses  of  some  of  the  materials  collected.  This  analyt- 
ical work,  carried  on  under  the  supervision  of  S.  W.  Beyer  at  the  Iowa 
College  of  Agriculture  and  Mechanic  Arts,  at  Ames,  is  still  unfinished. 
It  is  planned  further  to  ascertain  the  proportions  in  which  the  mate- 
rials must  be  combined  in  order  to  produce  the  best  cement,  to  bum 
the  material  on  a  small  scale,  and  to  make  tests  for  fineness  and 
tensile  strength  of  the  resulting  cement  as  soon  as  the  necessarj^ 
machinery  is  installed  in  the  college  laboratories.  In  case  these 
results  are  as  favorable  as  there  is  reason  to  believe  they  will  prove 
to  be,  the  information  should  be  of  considerable  importance,  for  the 
district  appears  to  be  so  situated  as  to  need  a  cement  plant. 

The  trade  territory  would  be  confined  to  the  region  west,  north, 
and  northeast  of  Dubuque,  and  would  comprise  a  large  part  of  the 
States  of  Iowa,  Minnesota,  and  Wisconsin.  A  plant  near  Dubuque 
would  at  present  have  to  meet  competition  from  Mason  City,  Iowa; 
Hannibal,  Mo.;  and  Dixon,  111.  Dubuque  has  the  advantage  of 
cheap  water  transportation,  besides  four  direct  rail  lines  to  the  north, 
and  might  fairly  be  able  to  control  the  trade  along  the  river  up  to 
and  including  St.  Paul  and  Minneapolis. 
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MAPS  AND  OTHER  PUBLICATIONS. 

Dubuque,  Iowa,  is  on  the  south  edge  of  the  Lancaster  quadrangle, 
which  extends  northward  about  35  miles  from  latitude  42°  30'. 
East  and  west  of  Dubuque  the  quadrangle  extends,  respectively,  9 
and  17  miles.  The  United  States  Geological  Survey  has  issued  topo- 
graphic and  geologic  maps  of  this  quadrangle  which  are  together 
available  in  the  geologic  folio  of  the  Lancaster-Mineral  Point  area 
(folio  No.  145, Geologic  Atlas  U.S.,  price  25  cents).  The  topographic 
maps  are  also  issued  separately  and  sold  for  5  cents  each.  Other 
useful  maps  and  discussions  of  the  geology  of  the  district  have  been 
issued  by  the  State  surveys,  as  follows: 

Calvin,  Samuel,  and  Bain,  H.  F.     Geology  of  Dubuque  County:  Iowa  Geol.  Survey, 

voL  10,  1900,  pp.  379-622. 
Beyer,  S.  W.     Supplementary  report  on  Portland  cement  materials  in  Iowa:  Bull. 

Iowa  Geol.  Survey  No.  3,  1906,  36  pp. 
Grant,  U.  S.     Report  on  the  lead  and  zinc  deposits  of  southwestern  Wisconsin,  with 

atlaa:  Bull.  Wisconsin  Geol.  and  Nat.  Hist.  Survey  No.  14,  1906,  100  pp. 

AGE  AND  DISTRIBUTION  OF  THE  ROCKS. 

The  principal  rocks  exposed  along  Mississippi  River  and  near  the 
mouths  of  its  tributaries  between  Dubuque,  Iowa,  and  Cassville, 
Wis.,  together  with  their  ages  and  essential  features,  are  comprised 
in  the  following  table: 

Rocks  exposed  north  of  Dubuque,  Iowa. 


System. 

Foriuation. 

Character. 

Thickness. 

f  Loess 

Feet. 

1-fiO 

Quaternary 

IResidual  clay 

f  Galena 

1-15 

235 

55 

Dolomite  and  chert 

Platteville 

Limestone  and  shale 

Ordovician 

St.  Peter 

Sandstone /u 

Prairie  du  C-hien 

Chertv  mainiesian  limestone 1-40  exnosed. 

A  few  miles  back  from  the  river  the  Maquoketa  shale  and  Niagara 
limestone,  are  present  in  the  section,  above  the  Galena,  but  these 
rocks  have  no  bearing  on  the  present  subject.  The  beds  of  particular 
importance  are  the  limestone  and  shale  of  the  Platteville,  the  basal 
Galena  beds,  and  the  residual  clay  and  loess,  all  of  which  are  exposed 
in  the  bluffs  of  the  Mississippi  River  gorge  between  Dubuque  and 
Cassville. 

MANUFACTURING   SITES. 

Along  the  greater  part  of  the  river  front  between  these  cities  the 
bluffs  rise  steeply  to  a  height  of  60  to  100  feet  above  the  flood  plain  and 
then  slope  more  gently  to  a  total  height  of  150  to  200  feet  above  the 
river.     On  both  sides  of  the  river  a  railroad  runs  close  to  the  base  of 
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the  bluflf.  In  several  lateral  ravines  and  valleys  large  enough  for  mill 
sites  the  Platteville  beds  are  favorably  situated  for  quarrying,  so  that 
the  broken  rock  may  be  loaded  into  a  mill  by  gravity.  Five  such 
localities  were  sectioned  and  sampled  in  detail.  In  the  order  of  their 
distances  from  Dubucjue  they  are  as  follows:  (1)  Near  Zollicoffer 
Lake,  Peru  Township,  Iowa,  in  the  SW.  i  sec.  23,  T.  90  N.,  R.  2  E.; 
(2)  at  Spechts  Ferry,  Iowa;  (3)  near  Potosi  Station,  Wis.,  in  the  SE.  J 
sec.  4,  T.  2  N.,  R.  3  W.;  (4)  about  1  mile  above  Waupeton,  Iowa,  in 
the  NE.  i  sec.  25,  T.  91  N.,  R.  1  W.;  (5)  near  McCartney,  Wis.,  in  sec. 
4,  T.  2  N.,  R.  4  W.  •  * 

CHARACTER  OF  MATERIALS. 

A  generalized  section  of  the  Platteville  includes  the  following  divi- 
sions: 

Generalized  section  of  Plattemlle  formation. 

Pert. 

4.  Limestone,  principally  in  thin  beds,  and  shale 10-15 

3.  Limestone,  fine  grained,  brittle,  and  thin  bedded 15-25 

2.  Limestone,,  magnesian,  thick  bedded ; 15-25 

1.  Shale,  bluish,  sandy  in  places 1-5 

41-70 

Nos.  3  and  4  of  the  above  generalized  section  contain  the  purest 
limestone,  but  in  places  part  of  No.  2  also  is  found  to  contain  less 
than  5  per  cent  of  magnesium  carbonate.  The  following  table  gives 
the  stratigraphic  details  and  the  corresponding  chemical  analyses  of 
the  beds  at  two  localities  in  Iowa: 
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Sections  made  at  the  other  three  places  are  as  follows : 

Section  of  Platteville-Galena  beds  near  Potosi  Station^  Wis. 

Ft.  in. 

6.  Limestone,  fine  grained,  thin  bedded  (Galena) 12    0 

5.  Shale,  including  2  feet  4  inches  of  interbedded  limestone,  total.     7  10 

4.  Limestone,  fine  grained,  thin  bedded 3    G 

3.  Limestone,  even  grained,  medium  bedded 3    0 

2.  Limestone,  crystalline,  thin  bedded 12    0 

1.  Limestone,  fine  grained,  thin,  wavy  bedded  (partly  concealed).   18    0 

Section  of  Platttville-Galena  beds  near  Waupeton,  Iowa. 

Ft.  in. 

5.  Limestone,  suhcrystalline,   with    carbonaceous  shale  partings 

(Galena) 12    0 

4.  Shale 0    4 

3.  Limestone,  similar  to  No.  5 1     5 

2.  Shale,  blue,  including  7  inches  of  thin  limestone  partings,  total.     6    3 

1 .  Limestone,  heavy  bedded 5    0 

Section  of  Piatteville-Galena  beds  near  McCartney,  Win. 

Ft.  in. 
6>.  Limestone,  suhcrystalline,  with  carbonaceous    shale  partings 

(Galena) 12    0 

5.  Shale,  calcareous,  including  6  inches  of  thin  limestone  partings, 

total 3    6 

4.  Shale,  blue , 2    0 

Concealed 5    0 

3.  Limestone,  bluish,  crystalline,  thin  bedded 5    0 

Concealed 10    0 

2.  Limestone,  fine  grained,  thin  bedded 7    0 

Concealed 13    0 

1.  Limestone,  heavy  bedded,  buff  to  blue,  probably  magnesian  . .     GO 

The  shale  beds,  exclusive  of  the  limestone  bands,  comprising  No.  5 
of  the  section  at  Potosi  Station,  No.  2,  at  Waupeton,  and  Nos.  4  and  5, 
at  McCartney,  were  analyzed  with  results  given  below : 

Analyses  of  shale  from,  upper  dimsion  of  PlatteHlle  formation. 
[Analyst,  L.  G.  Michaol,  Ames,  Iowa.] 


Potosi.     1  Waupeton.]  McCartney. 


SUica(Si08) '  48  88 

Alumina  ( AljO,) '  14. 54 

Ferric  oxide  (FejOa) 12. 00 

Calcium  carbonate  (CaCOa) 8. 58 

Magnesium  carbonate  (MgCOa) 3. 15 

Sulphur  trioxide  (SO3) 1. 2(> 

Alkalies,  as  KsO 6. 43 

Combined  water '  4.  48 

Moisture 1. 30 


50.69 

49.10 

15.03 

17.15 

4.8:^ 

8.4() 

11.15 

11.04 

8. 43 

2.85 

2.05 

1.09 

\.m 

3.  ()2 

4.04 

5. 30 

.49 

.91 

For  cement  manufacture  all  these  shales  should  preferably  carry 
higher  percentages  of  silica  and  less  iron  oxide  in  order  that  the  ratio 
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SiO 
AI2O3  +  FejOg  =  — 5— ^    should    be    more    nearly    approximated.     The 

alumina  and  iron  oxide  together  should  not   be  greater  than  — ^' 

and  it  is  apparent  from  the  above  analyses  that  at  Potosi  Station,  as 
well  as  at  Spechts  Ferry,  their  sum  is  greater  than  this.  It  is  desir- 
able, therefore,  both  on  account  of  the  chemical  composition  and  the 
relative  thinness  of  the  shale  beds,  that  some  other  supply  of  silica 
and  alumina  should  be  at  hand.  It  is  possible  that  such  a  supply 
might  be  obtained  from  the  residual  clay  and  loess  at  the  top  of  the 
hills  wherever  these  materials  average  rich  in  silica  and  poor  in  lime. 
An  idea  of  the  composition  of  the  clay  and  loess  present  in  the  region 
can  be  had  from  the  accompanying  analyses.  While  the  samples  of 
clav  and  loess  were  not  taken  from  the  same  sections  as  the  limestone 
and  shale,  there  is  an  abundance  of  this  unconsolidated  material 
above  the  Galena  beds  at  each  locality,  and  its  composition  is  prob- 
ably such  that  it  may  be  considered  an  important  factor  in  the 
situation. 

Analyses  of  residual  clay  and  loess  from,  the  Driftless  Area.  « 


[Analyst,  R. 

B.  Riggs.] 

1. 

2. 

3. 

4. 

5. 

0. 

SiOj 

71.13 

12.50 

5.52 

.45 

.45 

.02 

.04 

.85 

.38 

2.19 

1.61 

4.63 

.43 

.19 

49.59 

18.64 

17.19 

.27 

.28 

.03 

.01 

.93 

.73 

.80 

.93 

10.46 

.30 

.34 

53.09 

21.43 

8.53 

.86 

.16 

.03 

.03 

.95 

1.43 

1.45 

.83 

10.79 

.29 

.22 

49.13 

20.08 

11.04 

.93 

.13 

.04 

.06 

1.22 

1.92 

1.33 

1.60 

11.72 

.39 

1.09 

72.68 

12.03 

3.53 

.96 

.72 

.23 

.06 

1.59 

1.11 

1.68 

2.13 

2.50 

.39 

.09 

.51 

64.61 

AliOa 

10.64 

FejOg 

2.61 

FeO 

.51 

TiOj 

.40 

PjOs 

.06 

MnO 

.05 

CaO. 

5.41 

MgO 

3.69 

NajO 

1.35 

KsO 

2.06 

HjO  (+H  of  organic  matter) 

2.05 

c  6  J . .' r. '. 

6.31 

c 

.13 

SOg 

.11 

n  Sixth  Ann.  Rept.  U.  S.  Geol.  Survey,  1885,  pp.  250,  282. 

Nos.  1  and  2  are  samples  of  clay  from  the  same  vertical  section, 
No.  1  having  been  taken  4J  feet  from  the  surface  and  No.  2  a  little 
more  than  8 J  feet  from  the  surface,  in  contact  with  the  underlying 
limestone.  Nos.  3  and  4  are  samples  of  clay  that  are  similarly  related, 
having  been  taken,  respectively,  3  and  4J  feet  from  the  surface,  the 
latter  clay  in  contact  with  the  rock.  No.  5  is  loess  from  Dubuque, 
Iowa;  No.  6  is  loess  from  Galena,  111. 

A  review  of  the  character  of  the  materials  available  shows  that  a 
cement  manufactured  in  this  district  would  be  of  the  type  made  from 
a  mixture  of  ordinaiy^  hard  limestone  and  clay  or  shale.  About  36 
per  cent  of  the  Portland  cement  now  made  in  the  United  States  is  of 
this  type.  Magnesium  carbonate,  the  most  objectionable  of  impuri- 
ties in  raw  limestone  materials,  falls  in  these  rocks  well  within  the 
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maximum  allowable  limits  of  5  to  6  per  cent.  Certain  of  the  lime- 
stone beds  that  are  high  in  silica  resemble  very  closely  in  composi- 
tion the  ''cement  rock*'  of  the  well-known  Lehigh  Portland  cement 
district. 

The  materials  in  this  district  would  require  very  little  preliminary 
drying.  The  limestone  is  fairly  uniform  in  texture,  but  it  would  need 
very  thorough  grinding.  The  shale,  clay,  and  loess  are  less  refractor}^, 
and  although  the  day  and  loess  carry  a  few  chert  or  (juartz  pebbles 
such  objectionable  material  is  not  excessive  and  could  be  removed 
by  screening. 

The  Dubuque  district  is,  of  course,  not  ideally  situated  with  regard 
to  a  fuel  supply,  but  its  distance  from  the  Iowa  coal  field  is  not  so 
great  as  the  distance  of  certain  successfully  operated  cement  plants 
from  their  fuel  base.  A  possible  substitute,  at  least  in  part,  for  coal 
might  be  furnished  by  the  great  quantities  of  sawdust  and  slabs 
wasted  b}^  the  several  sash  and  door  factories  and  other  lumber  mills 
at  Dubuque.  This  fuel  might  be  utilized  in  the  kilns  in  the  form  of 
producer  gas. 


PORTLAND  CEMENT  MATERIALS   IN  EASTERN 

WYOMING. 


By  Sydney  H.  Ball. 


INTRODUCTION. 

In  1906  the  writer  examined  shale  and  limestone  beds  in  the  vicinity 
of  Newcastle  and  Cheyenne,  Wyo.,  in  order  to  ascertain  the  possibility 
of  establishing  a  Portland  cement  plant  in  eastern  Wyoming.  At 
present  there  is  no  Portland  cement  plant  in  Wyoming  (see  fig.  8),  the 
cement  used  in  the  State  being  shipped  either  from  the  Middle  West 
or  from  Colorado,  Utah,  or  South  Dakota.  The  demand  for  Port- 
land cement  in  the  Western  States  is  growing  enormously.  The  Gov- 
ernment is  using  large  amounts  of  cement  on  its  reclamation  projects 
in  Wyoming  and  adjoining  States,  and  the  mines  in  Montana  and  in 
the  Black  Hills  of  South  Dakota  use  large  quantities  in  installing  their 
plants.  Further,  the  railroads  must  soon  use  cement  or  masonry  for 
culverts  and  bridges  or  cease  to  use  as  fuel  western  coal  of  poorer 
grades,  which  being  light  blows  out  of  the  smokestacks,  and  starts 
fires  that  bum  wooden  bridges.  The  consumption  of  Portland  cement 
in  the  towns  in  Wyoming  is  increasing  at  a  rapid  rate  and  with  the 
introduction  of  cheaper  cement  the  demand  would  increase.  The 
conditions  would  seem  to  justify  the  establishment  of  a  Portland 
cement  plant  within  the  State. 

In  connection  with  the  preparation  of  this  paper,  Mr.  E.  C.  Eckel, 
of  the  United  States  Geological  Survey,  has  given  the  writer  the  benefit 
of  his  experience,  and  Prof.  J.  A.  Holmes  has  furnished  analyses  made 
in  the  structural  materials  laboratory  of  the  United  States  Geological 
Survey  at  St.  Louis,  Mo.,  the  analysts  being  A.  J.  Phillips  and  P.  H. 
Bates. 

NEWCASTLE. 
SITUATION. 

Newcastle  is  situated  in  Weston  County,  Wyo.,  near  the  South 
Dakota  line,  on  the  southwestern  slope  of  the  Black  Hills.  It  is  on 
the  main  line  of  the  Burlington  and  Missouri  Valley  Railroad,  a  spur 
of  which  runs  from  the  town  to  large  coal  mines  at  Cambria.  The 
country  naturally  tributary  to  a  Portland  cement  plant  at  Newcastle 
232 
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includes  northweatem  Wyoming,  the  Black  Hills  in  South  Dakota, 
northwestern  Nebraska,  ami  all  of  Montana.     (See  fig.  8,  p.  240.) 


goologlc  map  in 
TOPOGRAPHY    AND   QEOLOOY. 


North  and  east  of  Newcastle,  toward  the  Black  Hills,  lies  a  highly 
dissected  plain  that  rises  toward  the  north,  the  geology  of  which  has 
been  described  by  N.  H.  Darton  in  the  Newcastle  folio."     Within 
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the  Newcastle  quadrangle  there  are  a  large  number  of  sedimentary 
formations,  which  range  in  age  from  Mississippian  (Carboniferous)  to 
Recent.  These  formations  (see  fig.  7)  are  distributed  in  bands  which 
to  the  north  and  east  of  Newcastle  have  a  north-south  trend,  and  in 
the  immediate  vicinity  of  the  town  and  in  an  area  northwest  of  it 
occur  in  layers  that  course  from  northwest  to  southeast.  As  one 
travels  west  and  southwest,  away  from  the  Black  Hills  central  core 
of  older  rocks,  he  passes  successively  over  younger  and  younger  for- 
mations. The  older  ormations  therefore  lie  northeast  and  east  of 
Newcastle. 

RAW   MATERIALS. 

The  raw  materials  used  in  the  manufacture  of  Portland  cement  are 
limestone  (which  typically  contains  but  little  magnesium  carbonate) 
and  shale  or  clay.  In  the  vicinity  of  Newcastle  the  Minnekahta 
limestone,  the  Morrison  shale,  the  Graneros  shale,  and  the  Pierre  shale 
furnish  suitable  raw  materials. 

NATURAL  CEMENT  ROOK. 

A  calcareous  shale,  rather  fissile  and  of  light-gray  color,  a  part  of  the 
Graneros  shale,  is  exposed  on  the  north  side  of  the  small  stream  that 
is  crossed  by  the  railroad  2J  miles  southeast  of  Newcastle.  A  thick- 
ness of  40  feet  of  shale  is  exposed  on  a  small  whitish  hill  west  of  the 
railroad.  The  amount  of  gypsum  in  this  shale  is  too  small  to  interfere 
with  its  use  as  a  Portland  cement  material.  Interbedded  with  the 
shale,  20  feet  from  the  top  of  the  sampled  portion,  are  thin  beds  of 
limestone  one-half  inch  thick.  The  shale  occurs  here  in  considerable 
bodies,  which  could  probably  be  worked  with  a  steam  shovel.  The 
following  is  an  analysis  of  this  limy  shale,  or  shaly  limestone,  as  it 
appears  to.be,  made  by  Messrs.  Phillips  and  Bates: 

Analysis  of  shale  from  point  2\  miles  southeast  of  Newcastle. 

Silica  (SiOa) 18.10 

Alumina  (AI2O3) 6. 26 

Ferric  oxide  "(FeaOg) 80 

Manganese  oxide  (MnO) 50 

Lime(CaO) '. 37.57 

Magnesia  (MgO) 76 

Sulphuric  anhydride  (SO3) 27 

Alkalies     |N^^ ^-^^ 

Alkalies.,  jj^^^ ^2 

Water  at  100°  C 1. 25 

Ignition  loss 31. 58 

100. 15 

This  highly  clayey  limestone  would  make  an  excellent  base  for  the 
manufacture  of  cement,  and  if  mixed  with  a  small  amount  of  pure 
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limestone  (about  10  per  cent)  would  make  Portland  cement  of  high 
grade. 

LIMESTONE. 

Minnekalda  limestone, — The  Minnekahta  limestoneis  exposed  on  the 
east  side  of  Stockade  Beaver  Creek,  where  it  forms  the  slopes  and  top 
of  the  lower  of  two  benches.  Here  it  is  a  rather  thin-bedded  lime- 
stone of  light-gray  or  purplish  color,  averaging  less  than  40  feet  in 
thickness.  It  includes  at  some  places  a  few  nodules  of  flint,  but  these 
can  be  easily  separated  from  the  pure  limestone  in  the  manufacture  of 
Portland  cement,  and  where  the  rock  was  sampled  they  seem  to  be 
absent.  The  localities  at  which  samples  were  taken  are  respectively 
li  and  2 J  miles  north  and  a  little  east  of  the  L  A  K  ranch,  on  the  east 
side  of  Stockade  Beaver  Creek  and  the  road.  Analysis  1,  below,  is  by 
Mr.  F.  H.  Bates;  analysis  2  is  by  Mr.  A.  J.  Phillips. 

Analyses  of  Minnekahta  limestone. 


Constituent. 


Silica  (SiOa) 

Alumina  (AlgQ?) 

Ferric  oxide  (FejOa) 

Manganese  oxide  (MnO). . . 

Lime(CaO) 

Magnesia  (MgO) 

Sulphuric  aimydride  (SO3) 

Alkalies .  .|^^^ 

Water  at  100°C. ....... ... 

Ignition  loss 


1. 

2. 

1.08 

1.42 

.33 

.68 

.77 

.40 

.46 

.11 

53.40 

52.85 

.57 

.72 

.12 

.12 

.36 

.76 

.16 

.30 

.20 

.10 

42.92 

42.78 

100.37 


100.24 


This  is  a  pm'e  limestone  and  an  excellent  constituent  of  a  Portland 
Cement  mixture,  containing  low  magnesium  carbonate  and  sulphur. 
The  supply  of  limestone  here  is  practically  inexhaustible,  and  since  the 
bed  dips  gently  to  the  west,  the  rock  could  be  readily  quarried  and 
shot  down  to  or  nearly  to  the  railroad  by  gravity.  A  branch  railroad 
could  be  built  from  the  main  line  to  either  point  cheaply. 

Pdhasapa  limestone, — The  Pahasapa  limestone  is  exposed  in  a  thin 
band  about  IJ  miles  west  of  Stockade  Beaver  Creek.  An  analysis  of 
the  rock  by  Mr.  P.  H.  Bates  is  as  follows: 

Analysis  of  Pahasapa  limestone. 

Silica  (SiOj) 4.02 

Alumina  ( AI2O3) 10 

Ferric  oxide  (FegOg) 94 

Manganese  oxide  (MnO) 22 

Lime(OaO) 36.68 

Magnesia  (MgO) 14. 14 


236         CONTRIBUTIONS   TO   ECONOMIC    GEOLOGY,  1906,  PART    I. 

Sulphuric  anhydride  (SO3) 0. 05 

Alkalies..  |Na^ ^ 

IK2O 09 

Water  at  100°  C 25 

Ignition  loss  .1 43. 65 

100. 47 

This  rock  contains  too  much  magnesia  to  be  used  for  the  manufac- 
ture of  Portland  cement. 

SHALE. 

Morrison  shale. — The  most  important  exposures  of  Morrison  shale, 
which  is  the  lowest  Cretaceous  formation  here  and  is  150  feet  thick, 
cover  considerable  portions  of  the  drainage  basin  of  Salt  Creek.  The 
shale  at  the  supposed  coal  prospect  on  the  east  bank  of  Salt  Creek  3 
miles  above  its  mouth  is  carbonaceous  and  slightly  plastic.  It  con- 
tains a  little  iron  pyrite  in  noflules  and  few  if  any  sand  grains.  An 
average  sample  from  the  20-foot  face  exposed  here  was  analyzed  by 
Mr.  P.  H.  Bates. 

Analysis  of  Morrison  sJialc. 

Silica  (SiOg) 45.78 

Alumina  (AI2O3) 12. 92 

Ferric  oxide  (FegOa) 3. 96 

Manganese  oxide  (MnO) 33 

Lime(CaO) 56 

Magnesia  (MgO) 73 

Sulphuric  anhydride  (SO3) 42 

Alkaliep/Na.0 64 


IK2O 


2V^ 50 

Water  at  100°  C 8. 26 

Ignition  loss 26.  32 

100.42 

This  is  a  high-grade  normal  shale,  in  which  the  ratio  of  siUca  to 
combined  alumina  and  ferric  iron  is  practically  3  to  1 — an  ideal  ratio. 
The  magnesia  and  alkalies  are  very  low,  and  although  silica  is  low  the 
loss  by  ignition  (largely  carbonaceous  matter)  is  very  high.  This 
carbonaceous  matter  can  be  considered  as  so  much  fuel  added  to 
the  mixture,  and  its  presence  will  considerably  decrease  the  cost  of 
burning. 

Graneros  shale. — The  Graneros  shale  underlies  the  broad  valley 
south  of  Newcastle,  comprising  an  area  extending  from  the  L  A  K 
ranch  northwestward  to  and  for  several  miles  along  the  Burlington 
and  Missouri  River  Railroad.  From  the  ranch  the  outcrop  of  the 
formation  swings  approximately  southward,  and  because  of  steeper 
dips  becomes  narrower.  It  consists  mainly  of  dark-gray  shale,  and 
in  the  vicinity  of  Newcastle  is  about  1,100  feet  thick.  Thin  veinlets 
of  gypsum  are  common  in  the  shale,  but  at  no  point  are  these  so 
abundant  as  to  make  it  unfit  for  use  as  Portland  cement  material. 
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Of  three  samples  analyzed,  one  (analysis  1  below)  was  collected 
immediately  south  of  the  point  where  the  road  from  Newcastle  to  the 
L  A  K  ranch  crosses  Salt  Creek.  The  shale  here  is  dark  gray  and  fissile. 
No  gjrpsum  was  seen  at  this  point,  although  some  fragments  of  shale 
are  covered  with  a  yellowish  coating  which  has  an  astringent  taste, 
probably  due  to  the  presence  of  ferrous  sulphate.  The  second  sample 
(analysis  2)  was  collected  at  a  point  2  J  miles  southeast  of  Newcastle, 
between  the  wa*gon  road  and  the  railroad.  Here  the  shale  is  black 
and  fissile  and  dips  gently  to  the  southwest.  The  hill  from  which  the  , 
sample  was  taken  is  40  feet  high,  and  the  surrounding  valley  is  imder- 
lain  by  shale,  presumably  of  similar  composition.  The  shale  contains 
numerous  crystals  of  gypsum,  and  gypsum  occurs  also  in  thin  plates 
along  the  joint  faces.  It  is  soft  and  could  doubtless  be  worked  by  a 
steam  shovel  with  but  little  blasting.  The  third  sample  was  collected 
from  a  hill  1^  miles  south  of  east  of  Newcastle,  near  a  prominent 
ridge  formed  by  the  sandstone  lens  in  the  Graneros  shale.  At  this 
place  there  is  a  large  body  of  gray  shale  without  sand  grains  or 
gypsum,  but  its  analysis  is  much  less  satisfactory  than  those  of  the 
two  previous  samples.  Analysis  1,  below,  is  by  A.  J.  Phillips  and 
P.  H.  Bates;  analyses  2  and  3  are  by  P.  H.  Bates. 

Analyses  of  samples  of  Graneros  shale. 


Constituent. 


Silica  (SiOg) 

Alumina  ( AI2O3) 

Ferric  oxide  "(FcgOs) 

Manganese  oxide  (MnO). . . 

Lime(CaO) 

Magnesia  (MgO) 

Sulphuric  anhydride  (SO3) 


Alkalies{Na,^0. 


Water  at  100°  C. 
Ignition  loss 


1. 

2. 

67.55 

58.82 

17.58 

16. 43 

.47 

4.47 

.18 

.24 

.36 

.54 

.74 

1.68 

.50 

1.32 

.21 

.33 

.79 

2.18 

6.39 
7.93 

11.68 

68.30 

14.65 

.37 

.33 

1.18 

1.03 

.09 

.30 

.39 

6.82 

6.56 


100. 26 


J 00. 33 


100. 02 


Analyses  1  and  2  show  a  normal  shale  with  a  high  content  of  silica 
and  a  ratio  of  silica  to  iron  and  alumina  that  would  make  the  rock  a 
satisfactory  cement-making  material.  Analysis  1,  however,  shows  a 
percentage  of  ferric  oxide  so  small  that  the  cement  mixture  would  be 
infusible,  but  analysis  2  is  in  every  way  that  of  a  shale  well  fitted  for 
making  Portland  cement.  Analysis  3  shows  that  the  rock  analyzed 
contains  entirely  too  much  silica  and  too  little  ferric  iron  to  be  of  value. 

Pierre  shale. — Pierre  shale  covers  a  large  area  lying  south  and  south- 
west of  Newcastle,  the  nearest  exposures  being  situated  3  miles  from 
town.     The  Pierre  is  a  dark-gray  shale,  about  1,250  feet  thick.     It  is 
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characterized  in  places  by  limestone  concretions,  some  of  which  are 
very  large.  A  sample  was  taken  along  the  railroad  track  1  mile  above 
Spencer  siding,  where  the  shale  is  greenish  gray  in  color,  fine  grained, 
and  without  gypsum.  It  is  soft  and  could  be  readily  mined  by  steam 
shovel.     The  following  analysis  is  by  Phillips  and  Bates: 

Analysis  of  Pierre  shale. 

Silica  (SiOz) 60. 66 

Alumina  (M^Oz) 22. 13 

Ferric  oxide  (Fe-^Oa) 1-21 

Manganese  oxide  (MnO) 44 

Lime  (CaO) 1. 59 

Magnesia  (MgO) 1. 54 

Sulphuric  anhydride  (SO3) 43 

Alkalies.. |Na.^ ' ^^ 

IK2O : 2. 16 

Ignition  loss 9. 28 

99. 97 

The  shale  has  high  silica  and  rather  low  magnesia  and  alkalies. 
Its  silica  content  is  2.6  times  that  of  the  alumina  and  ferric  iron, 
the  iron  content  being  so  small  that  the  rock  would  form  with  lime- 
stone an  infusible  mixture. 

GYPSUM. 

Two  or  three  per  cent  of  gypsum  is  usually  added  to  the  clinker 
of  Portland  cement  to  retard  setting.  Gypsum  occurs  in  consider- 
able amount  in  the  ''Red  Beds''  (Spea^rfish  formation)  exposed  along 
Stockade  Beaver  Creek. 

ECONOMIC    CONDITIONS. 

Some  of  the  rocks  just  described  are  excellent  raw  material  for 
Portland  cement,  and  the  supply  at  the  points  where  the  samples 
were  taken  is  adequate  to  run  a  Portland  cement  plant  for  a  long 
time.  Further,  if  the  present  outcrop  of  any  of  these  limestones  or 
shales  were  exhausted,  the  same  rock  could  be  found  beneath  a  thin 
covering  of  soil  over  large  areas  in  the  immediate  vicinity.  The 
average  sample  collected  represents  thicknesses  of  20  to  150  feeit. 
The  analyses  represent  not  alone  the  shale  or  limestone  at  the  point 
where  samples  were  taken,  but  give  a  fair  idea  of  the  shale  or  lime- 
stone along  the  same  strike  for  a  long  distance. 

The  best  combination  for  a  Portland  cement  mixture  is  about  90 
per  cent  of  the  natural  cement  rock  and  10  per  cent  of  the  Minne- 
kahta  limestone.  The  highly  clayey  limestone  or  natural  cement 
rock  occurs  along  the  railroad,  and  the  limestone  could  be  obtained 
by  running  a  spur  to  a  point  on  Stockade  Beaver  Creek  1  mile  above 
the  L  A  K  ranch.     This  branch  road,  which  would  not  be  inore  than 
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5  miles  long,  would  have  a  gentle  grade.  Coal  could  be  shipped 
from  Cambria  at  a  maximum  cost  of  $1  per  ton  f.  o.  b.  at  the  plant. 
This  coal"  furnishes  a  fair  amount  of  heat,  and  although  high  in 
sulphur  and  ash,  the  former  would  largely  disappear  in  the  burning 
and  the  latter  would  be  incorporated  with  the  cement.  The  Port- 
land cement  plant  should  be  situated  on  the  railroad  at  the  outcrop 
of  the  natural  cement  rock.  A  well  sunk  here  for  the  water  neces- 
sary to  run  the  plant  would  probably  strike  flowing  water  at  a  depth 
of  1,000  to  1,500  feet  from  the  surface. 

If  limestone  and  shale  are  to  be  used,  the  best  combination  appears 
to  be  the  Graneros  or  the  Morrison  shale  and  the  Minnekahta  lime- 
^one.  The  most  desirable  Graneros  shale  is  that  sampled  from  the 
hill  approximately  2  J  miles  southeast  of  Newcastle,  between  the  rail- 
road and  the  wagon  road,  and  the  plant  should  be  situated  on  the 
railroad  at  this  point.  A  branch  railroad,  approximately  5  miles 
long,  following  the  depression  marked  by  the  exposure  of  the  Gran- 
eros shale  and  swinging  slightly  to  the  north  of  the  L  A  K  ranch  and 
thence  to  Stockade  Beaver  Creek,  would  reach  ledges  of  Minnekahta 
limestone.  The  use  of  the  Morrison  shale  would  require  a  railroad 
with  two  spurs,  one  up  Stockade  Beaver  Creek  for  limestone  and  the 
other  up  Salt  Creek  for  shale.  In  this  instance  the  mill  would  most 
advantageously  be  situated  at  the  fork  of  the  spurs.  It  is  possible, 
however,  that  suitable  exposures  of  shale  could  be  found  on  or 
immediately  west  of  Stockade  Beaver  Creek,  in  which  case  both 
limestone  and  shale  would  be  close  to  a  plant  situated  on  Stockade 
Beaver  Creek  and  using  its  water.  The  mill  would  then  be  located 
4  or  5  miles  above  the  L  A  K  ranch. 

RESUME. 

The  region  tributary  to  Newcastle  is  rather  large,  and  although 
the  town  has  but  one  main  railroad  the  cement  could  no  doubt  be 
easily  marketed.  The  raw  materials  are  high  in  grade  and  abundant 
in  quantity,  and  cheap  fuel  of  fair  quality  is  at  hand.  With  good 
management  a  Portland  cement  plant  situated  at  Newcastle  could 
unquestionably  be  run  at  a  profit. 

VICINITY  OF  CHEYENNE. 

Cheyenne,  the  capital  of  Wyoming,  is  in  Laramie  County,  in  the 
southeast  comer  of  the  State.  It  lies  on  the  main  lines  of  the  Union 
Pacific  and  Chicago,  Burlington  and  Quincy  railroads,  and  from  it 
the  Colorado  and  Southern  Railroad  runs  northward  to  connect  with 
the  Chicago  and  Northwestern  Railroad,  and  the  Union  Pacific  runs 


o  Report  on  operations  of  coal-testing  plant  of  the  United  Statse  Geological  Survey  at  the  Louisiana 
Purchase  Exposition,  St.  Louis,  Mo.,  1904:  Prof.  Paper  U.  S.  Geol.  Survey  No.  48,  pp.  263, 946, 953, 1313. 
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southward  to  Denver.  The  map  (fig.  8)  shows  that  the  area  to 
which  a  Portland  cement  plant  in  this  portion  of  Wyoming  would 
ship  its  product  includes  eastern  Wyoming,  western  Nebraska,  north- 
eastern Colorado,  and  a  part  of  northwestern  Kansas. 

TOPOGRAPHY    AND    GEOLOGY. 

Solid  rocks  are  not  exposed  in  the  immediate  vicinity  of  Cheyenne, 
but  along  the  east  edge  of  the  Laramie  Front  Range  there  is  practically 
the  same  succession  of  Paleozoic  and  Mesozoic  rocks  that  occurs  in  the 
Black  Hills.  These  old  rocks  are  crossed  by  the  Colorado  and  South- 
em  Railroad  at  two  points,  and  were  examined  by  the  writer  at  Iron 
Mountain  station,  about  40  miles  from  Cheyenne.  At  Iron  Mountain 
the  rocks  are  tilted  steeply  to  the  east  and  the  mountain  front  is  in 


consequence  marked  by  rugged  hogbacks  and  valleys,  formed  respec- 
tively on  resistant  sandstone  beds  and  soft  shales.  The  strata  in 
general  strike  north-south  and  dip  eastward  at  an  angle  of  about  70.° 


RAW   MATERIALS. 


The  formations  sampled  in  the  vicinity  of  Iron  Mgjintain  include 
limestones  from  the  Niobrara  formation  and  the  Minnekahta  lime- 
stone, and  shales  from  the  Graneros  formation  and  the  Pierre  shale. 


LIMEBTOME. 


Niobrara  formation. — The  best  limestone  sampled  is  from  a  hill  of 
Niobrara  which  lies  east  of  the  end  of  the  Bradley  spur,  across  a  nar- 
row flat.  It  is  a  thin-be<Uled  shaly  white  limesttme  and  is  here  and 
there  fossiliferous.     The  rock  shows  at  many  places  small  yellowish- 
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brown  iron  stains  1^  inches  in  diameter.  The  limestone  is  practi- 
cally on  edge  and  could  be  cheaply  quarried,  possibly  by  the  use  of 
steam  shovels,  although  considerable  blasting  would  probably  be 
necessary  with  increase  in  the  depth  of  the  quarry.  About  60  feet 
of  this  limestone  is  exposed,  but  it  is  probable  that  a  greater  thick- 
ness could  be  proved  by  test  pits  in  the  flat  to  the  west.  The  rock 
was  traced  for  a  distance  of  one-eighth  of  a  mile  on  this  same  hill, 
and  again  outcrops  across  a  small  brook  to  the  south.  The  highest 
point  of  the  exposure  is  about  100  feet  above  the  valley  and  unques- 
tionably there  is  sufficient  limestone  here  to  last  a  large  plant  many 
years.  The  following  analysis  by  Mr.  A.  J.  Phillips  is  that  of  a  sam- 
ple taken  across  60  feet  of  the  limestone. 

Analysis  of  Niobrara  Ivmestone. 

Silica  (SiOa) 6.44 

Alumina  (AI2O3) ' .1.  46 

Ferric  oxide  (FeaOa) 2.32 

Manganese  oxide  (MnO) 11 

Lime(CaO) 45.90 

Magnesia  (MgO) 2.  65 

Sulphuric  anhydride  (SO3) 07 

Alkalies  (K2O) 66 

Water  at  100°  C 55 

Water  above  100°  C 33 

Ignition  loss. 39.  71 

100. 10 

This  is  a  good  hmestone  for  cement  making,  although  the  percent- 
age of  siUca  as  compared  with  that  of  the  combined  alumina  and 
ferric  oxide  is  low.  Magnesian  carbonate  is  not  particularly  high, 
while  sulphur,  the  alkalies,  and  silica  are  exceedingly  low. 

MinneJcahta  limestone. — ^A  little  over  one-half  mile  west  of  Brad- 
ley station  the  Minnekahta  limestone  (Carboniferous)  forms  a  promi- 
nent escarpment  and  bench  extending  parallel  to  the  front  of  the 
range.  It  can  be  readily  recognized  from  its  topographic  form,  and 
from  the  fact  that  it  is  underlain  and  overlain  by  red  beds.  The 
limestone  is  50  feet  thick.  In  the  escarpment  it  dips  S.  80°  E.  at  an 
angle  of  65°,  and  to  the  west,  on  the  bench  or  terrace,  it  becomes 
approximately  flat.  It  is  gray,  purplish,  or  white  in  color,  and  is 
mostly  fine  grained,  dense,  and  rather  hard.  Joints  are  common 
throughout  the  mass  and  these  would  be  of  considerable  advantage 
in  quarrying.  Its  situation  for  quarrying,  however,  is  unfortunate, 
since  either  the  overlying  red  shales,  which  mask  the  lower  portion 
of  the  cliflF,  would  have  to  be  shot  off  before  the  limestone  could  be 
quarried,  or  the  quarry  would  have  to  be  located  upon  the  top  of  the 
bench  and  an  expensive  tramway  built  to  the  flat  below.  A  railroad 
to  the  base  of  the  cliff  would  probably  have  a  rather  steep  grade.    A 
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sample  taken  across  50  feet  of  this  formation  was  analyzed  by  A.  J. 
Phillips  with  the  following  result: 

Analysis  of  Minnekahta  limestone. 

Silica  (SiOa) 10.52 

Alumina  ( AI2O3) 46 

Ferric  oxide  (FejOa) 1-55 

Manganese  oxide  (MnO) 14 

Lime  (CaO) 43. 30 

Magnesia  (MgO) 3. 53 

Sulphuric  anhydride  (8O3) 06 

AlkaliesP^^^^ '' 


iiesjl 


KKaO) 70 

Water  at  100°  C 50 

Ignition  loas 39.  22 

100.03 

This  limestone,  having  a  high  silica  content  and  a  comparatively 
low  sum  of  alumina  and  ferric  oxide,  is  much  poorer  in  quality  than 
the  Niobrara;  otherwise  it  is  fairly  good,  containing  low  sulphur 
and  not  prohibitively  high  magnesia.  Better  analyses  of  particular 
beds  of  the  Minnekahta  limestone  have  been  obtained  by  private 
parties. 

SHALE. 

Graneros  shale. — ^At  the  end  of  the  railroad  spur  at  Bradley  station 
140  feet  of  shale  is  exposed  in  a  trough  lying  between  the  Dakota 
sandstone  hogback  on  the  west  and  the  hogback  formed  by  the 
sandstone  lens  in  the  Graneros  formation  on  the  east.  The  upper 
25  feet  of  the  shale,  which  here  dips  N.  85°  E.  at  an  angle  of  80°,  is 
sandy  and  is  unfit  for  making  Portland  cement.  The  lower  115  feet, 
however,  is  a  dark-gray  shale,  slightly,  plastic,  with  little  or  no  grit." 
A  few  ironstone  nodules  occur  in  the  shale,  but  these  have  been 
included  in  the  sample  and  are  evidently  not  detrimental.  The  shale 
outcrops  for  three-eighths  of  a  mile  south  and  at  least  IJ  miles 
north  of  Bradley  spur.  It  is  soft  and  could  be  readily  quarried  by 
steam  shovel.  An  analysis  by  Mr.  A.  J.  Phillips  of  a  sample  taken 
across  the  middle  40  feet  of  the  shale  follows: 

Analysis  of  Graneros  shale. 

Silica  (SiOa) ' 63.60 

Alumina  ( AI2O3) 14. 66 

Ferric  oxide  (FeaOg) 7. 44 

Manganese  oxide  (MnO) 20 

Lime  (CaO) 78 

Magnesia  (MgO) 46 

Sulphuric  anhydride  (SO3) 53 

AlkaliesF^^) ^^ 

Alkalies|^j^^^ 1.79 

Water  at  100°  C 2. 86 

Ignition  loss 7. 64 

100.33 
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This  is  a  normal  shale  with  high  silica  and  an  ideal  ratio  between 
alumina  and  ferric  oxide  and  silica.  The  magnesia  and  the  alkalies 
are  rather  low,  while  there  is  sufficient  iron  present  to  insure  a  fusible 
cement  matrix. 

Pierre  shale. — The  Pierre  shale  was  sampled  on  the  west  side  of 
the  railroad  track  three-fourths  of  a  mile  N.  20°  W.  of  Bradley  sta- 
tion. The  railroad  is  one-fourth  of  a  mile  due  east  of  the  shale 
deposit,  and  test  pits  would  doubtless  expose  similar  shale  under 
the  terrace  gravels  on  the  railroad-  east  of  the  locality  sampled. 
The  shale  is  dark  gray  in  color  and  is  soft  and  fissile,  many  of  the 
beds  being  paper  thin;  ellipsoidal  masses  in  it  are  stained  by  iron, 
and  it  contains  a  very  little  selenite  (transparent  platy  gypsum). 
Without  much  question  it  could  be  worked  with  a  steam  shovel. 
The  following  analysis,  made  by  Mr.  A.  J.  Phillips,  is  that  of  a  sample 
taken  across  100  feet  of  the  rock: 

Analysis  of  Pierre  shale. 

Silica  (SiOa) 62.34 

Alumina  (AI2O3) 21. 98 

Ferric  oxide  (FegOg) 7. 92 

Manganese  oxide  (MnO) 2G 

Lime(CaO) 1.28 

Magnesia  (MgO) 73 

Sulphuric  anhydride  (SO3) ,36 

^"""^liKjO) 1.71 

Water  at  100°  C ' 1. 83 

Ignition  loss 1. 77 


T 


100.27 


This  is  a  normal  shale,  scarcely  as  good  as  the  shale  last  described 
and  yet  of  fair  quality.  It  has  high  silica  and  its  combined  aluminum 
and  ferric  oxide  have  the  ratio  to  silica  of  1  to  2.2.  The  percentage 
of  sulphuric  anhydride  is  too  low  to  be  detrimental. 


GYPSTTM. 


Gypsima,  suitable  for  use  as  a  set  retarder  of  Portland  cement, 
is  reported  to  occur  in  the  ^^Red  Beds'^  south  of  Iron  Mountain. 

ECONOMIC  CONDITIONS. 

A  Portland  cement  plant  at  Iron  Mountain  should  use  for  its  raw 
materials  the  Graneros  shale  at  the  end  of  the  Bradley  spur  and  the 
Niobrara  shaly  limestone  east  of  the  same  point.  An  extension  of  the 
Bradley  spur  one-quarter  of  a  mile  long  would  connect  the  two  deposits. 
Chugwater  Creek  furnishes  sufficient  water  for  a  mill  on  the  railroad 
on  its  banks.  Coal  at  Cheyenne  is  $4  to  $5  a  ton.  To  this  price 
would  necessarily  be  added  the  freight  from  Cheyenne  to  Iron  Moun- 
tain on  the  Colorado  and  Southern  Railroad.    The  ixi'^V  ^q'^^*  '^^^^^ 
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would  approximate  40  cents  a  barrel,  which  is  over  one-half  of  the 
total  cost  of  manufacturing  a  barrel  of  Portland  cement  in  the  East. 
It  is  possible,  however,  that  coal  coming  over  the  Colorado  and  South- 
em  Railroad  from  the  north  would  be  cheaper. 

COST  OF  A  PORTLAND  CEMENT  PLANT. 

It  is  perhaps  worth  while  to  add  some  general  estimates  of  the  cost 
of  installing  a  Portland  cement  plant.  The  cost  varies  wdth  the  num- 
ber of  kilns  constructed,  although  the  proportional  increase  in  cost 
is  less  with  increase  in  the  number  of  kilns.  An  8-kiln  plant,  manu- 
facturing 1,200  barrels  of  Portland  cement  in  twenty-four  hours, 
would  cost  from  $360,000  to  $400,000,  while  a  6-kiln  plant  would  cost 
from  $300,000  to  $360,000."  Besides  this  first  cost  a  large  reserve 
capital  is  needed,  since  (1)  each  new  plant  during  a  period  of  experi- 
mentation makes  cement  that  is  below  the  grade  required  by  con- 
tractors; (2)  contractors  are  accustomed  to  use  certain  brands  of 
Portland  cement,  and  a  new  brand  must  establish  a  reputation  before 
it  can  make  large  sales;  (3)  a  Portland  cement  plant  sells  much  of  its 
product  on  long  payments,  but  many  of  its  own  bills  must  be  met  at 
once.  Mr.  E.  C.  Eckel  ^  further  gives  the  following  as  an  average 
cost  per  barrel  at  an  8-kiln  plant,  with  80-foot  kilns,  producing  2,000 
barrels  of  Portland  cement  a  day: 

Cost  of  Portland  cement  per  barrel. 

Cement  materials $0. 08 

Power  coal  c 08 

Drier  coal  c 01 

Kiln  coal  c 10 

Labor .10 

Supplies,  etc 11 

Office  and  laboratory 03 

Administration  and  sales 05 

Interest,  etc 12 


.68 

In  Wyoming  the  item  of  labor  would  be  at  least  twice  that  here 
given,  while  at  places  near  coal  fields  the  item  of  fuel  would  be  less 
by  one-half,  and  for  points  distant  from  coal  fields  should  be  multi- 
plied by  twe.  It  is  therefore  evident  that  Portland  cement  can  be 
made  in  eastern  Wyoming  at  a  cost  below  the  present  local  prices  of 
eastern  brands. 

o  Eckel,  E.  C,  Cements,  limes,  and  plasters,  N.  Y.,  1905,  p.  556. 
bibid.,  p.  501. 
c  At  12  a  ton. 
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LIME,  MAGNESITE,  ETC. 


LIMESTONE  AND  DOLOMITE  IN  THE  BIRMING- 
HAM DISTRICT,  ALABAMA. 


By  Charles  Butts. 


INTRODUCTION. 

Both  limestone  and  dolomite  are  important  from  an  economic 
standpoint  in  the  Birmingham  district.  Limestone  is  used  for  lime 
and  cement,  and  both  limestone  and  dolomite  are  extensively  utilized 
as  flux  in  iron  smelting.  Indeed,  this  fluxing  material  is  one  of  the 
three  essential  factors  in  the  great  industrial  development  of  the 
Birmingham  district,  coal  and  iron,  of  course,  being  the  other  two. 
Along  Birmingham  Valley,  from  Bessemer  to  Trussville,  ore,  coal,  and 
flux  are  to  be  had  within  a  distance  of  5  to  10  miles  from,  each  other, 
and  it  is  due  to  the  proximity  of  these  three  indispensable  materials 
that  profitable  iron  making  from  the  comparatively  low-grade  ores 
of  this  region  is  possible.  This  paper  is  based  on  work  done  in  the 
field  by  Chester  W.  Washburne,  William  F.  Prouty,  E.  F.  Burchard, 
E.  M.  Dawson,  jr.,  and  the  writer.  Other  published  reports  have 
been  freely  drawn  on  for  information,  for  yhich  due  acknowledgment 
is  made  in  the  proper  place. 

In  this  area  there  are  three  distinct  limestone  formations  and  one 
dolomite  formation.  These  are  the  Bangor  limestone,  the  Chicka- 
mauga  (''Trenton")  limestone,  the  Knox  dolomite,  and  the  Cona- 
sauga  limestone,  the  highest  being  named  first. 

BANGOR  LIMESTONE. 

The  Bangor  limestone  is  of  Carboniferous  age  and  is  named  from 
Bangor,  Ala.,  where  it  has  been  quarried.  It  is  generally  a  semicrys- 
talline,  rather  light-gray  limestone,  varying  from  a  few  feet  to  300  feet 
or  more  in  thickness. 

This  limestone  outcrops  along  both  sides  of  Blount  Valley,  from 
Reid  station  to  Bangor  and  farther  north,  where  it  forms  a  consider- 
able part  of  the  valley  walls,  extending  up  nearly  to  iW  \i<^\X><^\s\-  ^^ 
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the  sandstone  that  caps  the  sand  ridges  or  mountains  overlooking  the 
valley.     It  dips  into  the  hills  at  angles  of  5°  to  15°. 

The  limestone  is  thus  favorably  situated  for  quarrying,  and  it  has 
been  worked  on  a  considerable  scale  at  Blount  Springs  and  Bangor. 
One  quarry  between  these  two  places,  belonging  to  W.  F.  Harrell,  is 
now  in  operation.  This  quarry  is  an  open  working  and  the  face  is 
almost  80  feet  high,  extending  nearly  to  the  top  of  the  outcrop  on  the 
escarpment.  The  following  is  a  section  of  the  rock  quarried: 

Section  of  Bangor  limestone  at  Harrell  quarry. 

Feet. 

Gray  semicrystalline  limestone 28 

Dark  semicrystalline  limestone 12 

Gray  semicrystalline  limestone 40 

The  limestone  beds  are  separated  by  thin  partings  of  carbonaceous 
shale.  Limestone  from  this  quarry  is  used  for  flux  in  the  furnaces 
at  Birmingham  and  Bessemer. 

Other  quarries  have  been  operated  along  the  outcrop,  both  at 
Bangor  and  Blount  Springs.  The  one  at  Blount  Springs  was  oper- 
ated by  the  Sloss-Sheffield  Steel  Company.  The  composition  of  the 
limestone  from  this  quarry,  which  includes  a  tliickness  of  100  feet  or 
more,  is  as  follows: 

Average  of  eight  analyses  of  Bangor  limestone  from  Blount  Springs  quarry,  o 

Silica  (Si02) 1.  05 

Iron  oxide  and  alumina  (Fe203+Al203) 82 

Lime  carbonate  (CaCOg) 96.  74 

Magnesium  carbonate  (MgCOg) 71 

99.32 

The  Bangor  limestone  outcrops  along  the  west  side  of  Murphree 
Valley,  and  around  the  southern  point  of  Blount  Mountain,  whence  its 
outcrop  extends  along  the  valley  of  Canoe  Creek  to  the  neighborhood 
of  Springville  and  beyond.  *  At  Dale  is  the  quarry  of  the  Republic  Iron 
and  Steel  Company,  of  which  the  following  is  an  approximate  section: 

Section  of  Bangor  limestone  at  Dale  quarry. 

Feet. 

Limestone 20 

Red  shale , 5 

Green  shale 5 

Gray  crystalline  limestone 25 

Dark  limestone 30 

White  limestone 5 

Shale 1 

Clay 2 

Gray  limestone 60 

153 

a  Analyzed  by  Henry  McCalley,  J.  L.  Bceson,  and  J.  R,  Harris,    Eckel,  E.  C,  Cement  materials  and 
industry  ot  the  VniteCL  StAtea:  Bull.  U.  S.  Geol.  Survey  No.  243, 1905,  p.  68. 
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In  this  quarry  nearly  the  full  face  of  the  outcrop  on  the  valley  wall 
is  quarried,  the  stone  being  used  for  flux.  The  beds  dip  into  the  hill 
at  an  angle  of  15°.  The  limestone  has  been  extensively  (juarried 
along  this  outcrop  for  some  distance  north  of  Dale,  though  all  the 
workings  except  that  at  Dale  have  been  abandoned.  These  aban- 
doned workings  suggest  that  the  quarrymen  continued  operations  to  a 
point  where  it  became  necessary  to  remove  too  much  cover  and  then 
moved  to  a  new  location.  Below  are  analyses  of  the  limestone  in  this 
locaUty: 

Analyses  of  Bangor  limestone  from  Coniplon  quarry,  north  of  Dale .i'' 


Silica  (SiOj) 

Iron  oxide  and  alumina  CFea03+ AlaOa) 

Lime  carbonate  (CaCOa) 

Magnesium  carbonate  (MgCOj) 


1. 

'^^ 

:3. 

2.05 

.76 

89.64 

8.15 

4.45 

:i.30 

86.35 

2.80 

.70 

94.59 

a  Eckel,  E.  C,  loc.  cit. 

1.  Average  sample  of  150  feet  of  rock  used  as  flux.    J.  L.  Beeson,  analyst. 
2  and  3.  Stockhouse  samples.    "W.  B.  Phillips,  analyst. 

These  analyses  show  considerably  more  silica  and  magnesia  in  the 
limestone  in  this  locality  than  at  Blount  Springs.  Analysis  No.  2, 
however,  is  the  only  one  that  shows  an  injurious  amount  of  silica  with 
a  corresponding  low  percentage  of  lime  carbonate. 

The  limestone  outcropping  around  the  south  end  of  Blount  Moun- 
tain and  on  Canoe  Creek  has  never  been  utilized.  The  formation  is 
exposed  high  up  on  the  west  face  of  the  mountain  east  of  Village 
Springs,  where  it  must  reach  a  thickness  of  300  feet.  The  outcrop 
along  the  west  side  of  Birmingham  Valley  has  been  traced  southward 
to  Sayreton  Gap,  near  North  Birmingham.  The  limestone  thins 
toward  the  south,  being  at  Boyles  Gap  50  to  100  feet  thick  and  at 
Sayreton  Gap  only  a  few  feet.  South  of  Sayreton  Gap  it  has  not  been 
identified.  In  Shades  Valley  but  little  can  be  discovered  of  this  lime- 
stone. The  top  of  the  formation  outcrops  just  south  of  Trussville, 
where  it  has  been  quarried.  Between  Trussville  and  Argo  is  another 
small  showing.  Limestone  is  reported  in  wells  at  Trussville  at  a  depth 
of  12  feet.  Along  Shades  Valley  south  of  Irondalc  only  chert  and 
shale  were  observed  in  outcrop,  and  although  tliin  beds  and  lenses  of 
Umestone  are  known  to  occur  in  the  generally  sandy  material  of  this 
part  of  the  valley,  the  deposits  can  have  no  economic  importance.  A 
considerable  thickness  of  chert  shows  along  the  valley  south  of  Truss- 
ville, and  it  is  probable  that  the  Bangor  limestone  has  been  more  or 
less  replaced  by  shale  and  other  siliceous  matter  along  this  belt,  a 
change  that  becomes  complete  farther  to  the  southeast  in  the  Cahaba 
Valley,  east  of  Leeds,  where  the  limestone  is  practically  absent,  having 
been  entirely  replaced  by  shale. 
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CHICKAMAUGA  ("TRENTON")  LIMESTONE. 

The  Chickamauga  limestone  is  of  Ordovician  or  lower  Silurian  age. 
Its  stratigraphic  position  is  below  the  Rock  wood  (Clinton)  formation, 
which  carries  the  red  ores  of  the  region,  and  above  the  Knox  chert. 
In  Birmingham  Valley  this  limestone  outcrops  along  the  west  escarp- 
ment of  Red  Mountain  almost  the  entire  distance  from  a  point  south 
of  Bessemer  neariy  to  Springville  and  thence  southward  along  the 
east  side  of  Red  Mountain  neariy  to  Truss ville.  There  are  several 
gaps  in  this  outcrop  that  are  probably  due  to  faults,  but  perhaps  in 
some  places  to  nondeposition  of  the  limestone.  One  of  these  is  on  the 
west  side  of  Red  Mountain,  1  mile  south  of  Saddlers  Gap;  another 
extends  northward  from  Clay  for  2  miles,  and  another  about  3  miles  in 
length  is  northeast  of  Ayres.  The  limestone  appears  to  be  absent 
along  the  west  side  of  the  Cahaba  trough  from  a  point  1  mile  south  of 
Argo  northeastward  to  the  boundary  of  the  Birmingham  quadrangle. 
It  outcrops  along  the  west  side  of  Birmingham  Valley  and  makes  the 
east  face  of  West  Red  Mountain  from  the  vicinity  of  Cunningham  Gap 
to  Dale  and  thence,  along  the  same  belt,  extends  up  Murphree  Valley 
to  Chepultepec  and  beyond.  South  of  Cunningham  Gap  the  outcrop 
thins  gradually  and  finally  disappears  about  2  miles  to  the  south,  being 
cut  off  diagonally  by  a  fault.  Along  the  east  side  of  Murphree  Valley 
it  is  cut  out  by  a  fault  as  far  south  as  Village  Springs.  Around  the 
south  end  of  Blount  Mountain  it  outcrops  in  a  broad  belt  extending 
from  Village  Springs  to  Springville  and  thence  northward  parallel  to 
the  cast  side  of  Blount  Mountain.  A  belt  of  Cliickamauga  limestone 
also  extends  down  the  east  side  of  East  Red  Mountain  from  Canoe 
Creek  nearly  to  Trussville. 

Along  all  the  outcrops  described  above  the  limestone  is  generally 
rather  thin  bedded  and  light  or  dark  gray  in  color.  In  places,  as  at 
Dale  and  west  of  Swansea,  there  is  a  thick-bedded  buff  limestone  near 
the  base,  and  at  the  south  end  of  Blount  Mountain  purple-mottled 
layers  occur  through  the  lower  25  feet  or  more.  Crystalline  limestone 
also  occurs  in  the  formation.  The  Chickamauga  limestone  appears  to 
run  from  300  to  700  feet  in  thickness  except  where  affected  by  faults, 
as  described  above.  Its  thickness  at  Gate  City  is  about  300  feet,  on 
Blackburn  Fork,  west  of  Swansea,  500  feet,  at  Chepultepec  600  to  800 
feet,  and  on  Butler  Mountain,  at  the  south  end  of  Blount  Mountain,  700 
to  800  feet.  The.  limestone  dips  into  the  hills  on  either  side  of  the 
valleys,  generally  at  angles  of  15°  to  20°,  though  higher  dips  may 
occur  locally.  In  some  localities,  as  in  the  region  of  Butler  and  Foster 
mountains,  it  lies  nearly  flat. 

The  Chickamauga  limestone  outcrops  along  Cahaba  Valley  in  a  belt 
about  1  mile  wide.  In  fact  the  valley  has  been  eroded  in  the  lime- 
stone, which  is  less  resistant  than  the  rocks  on  either  side.     Leeds  is 
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situated  near  the  center  of  this  valley,  the  limestone  showing  on  all 
sides.  The  limestone  in  Cahaba  Valley  is  generally  dark  gray  and  it 
is  much  thicker  bedded,  especially  in  the  lower  part,  than  along  Bir- 
mingham Valley.  Its  thickness  is  difficult  to  determine  accurately 
on  account  of  probable  irregularities  of  dip,  but  it  may  be  as  much  as 
1,000  feet.  Its  dip  in  the  vicinity  of  Leeds  is  15°  to  20°  SE.,  and  about 
4  miles  south  of  Leeds  dips  of  50°  E.  were  noted. 

The  Chickamauga  limestone  has  been  quarried  at  Gate  City  by  the 
Sloss  Iron  Company  for  use  as  flux,  but  it  is  no  longer  used  in  this 
region  for  that  purpose  to  any  extent.  The  subjoined  analyses  show 
the  composition  of  the  limestone  at  this  quarry: 

Analyses  of  Chickamauga  limestone  at  Gate  City  quarry. (^ 


1. 

5.70 

1.87 

91. 16 

2. 

Silica  (SiOj) 

3.30 

Iron  pxide  ( FejOa) 

2.14 

Lime  carbonate  (CaCOa) 

91.33 

a  Eclcel,  E.  C,  loc.  cit. 

1.  Average  sample  from  crusher,    Henry  McCalley,  analyst. 

2.  Average  of  four  samples.    J.  W.  Ik'xiller,  analyst. 

The  high  percentage  of  silica  shown  by  these  analyses  probably 
indicates  the  reason  why  the  use  of  this  limestone  as  flux  has  been 
discontinued.  Much  purer  rock  can  be  obtained  in  the  region,  as  is 
shown  on  page  253. 

This  limestone  is  used  for  lime  near  Chepultepec,  in  Murphree  Val- 
ley, by  the  Cheney  Marble  and  White  Lime  Company.  The  quarry 
is  situated  on  the  east  face  of  West  Red  Mountain,  where  the  situation 
is  favorable  for  working  the  rock.  Below  is  a  section  of  the  limestone 
exposed  in  this  quarry: 

Section  of  Chickamauga  limestone  at  Chepultepec  quarry. 

Feet. 

Dark-gray  crystalline  limestone. . : 40 

Darker  crystalline  limestone : 20 

Blue  limestone 5 

Gray  limestone 2 

.  Blue  limestone 5 

Shaly,  impure  limestone 6 

Dark  amorphous  (lithogra})hic?)  limestone 2 

Gray  limestone ^ 10 


90 

The  gray  limestone  at  the  top  is  the  chief  source  of  material  for  lime. 
At  the  time  the  works  were  visited  (September,  1905)  two  kilns  were 
in  operation,  each  producing  100  barrels  of  lime  daily. 

At  Leeds,  in  Cahaba  Valley,  a  large  plant  has  been  built  which  will 
us^  the  Chickamauga  limestone,  quarried  near  the  works,  for  cement 
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manufacture.  The  limestone  here  is  thick  bedded  and  dips  15°  to  20° 
E.  As  it  outcrops  but  Httle  above  drainage  level,  quarrying  opera- 
tions will  be  more  difficult  and  expensive  than  in  a  quarry  entirely 
above  drainage.  So  far  as  its  known  composition  indicates,  this  lime- 
stone is  everywhere  suitable  for  cement  manufacture. 

The  most  favorable  locality  for  quarrying  the  limestone  m  this 
region,  with  regard  to  natural  conditions,  is  at  the^south  end  of  Blount 
Mountain,  where  it  lies  nearly  flat  and  forms  high  hills  such  as  Foster 
and  Butler  mountains.  From  500  to  700  feet  of  limestone  is  here 
available,  entirely  above  drainage  and  exposed  on  all  sides.  This 
locality  could  be  easily  reached  from  the  Louisville  and  Nashville 
Railroad  by  a  spur  3  miles  long,  leaving  the  main  track  2  miles  north 
of  Mount  Pinson  and  extending  up  Dry  Creek  to  Foster  Mountain. 

KNOX  DOLOMITE. 

The  lower  500  to  600  feet  of  the  Knox  dolomite,  which  is  free  from 
the  chert  characterizing  the  upper  2,500  feet  of  the  formation,  is  largely 
used  as  flux  in  the  furnaces  of  the  district.  This  chert-free  dolomite 
is  limited  below  by  the  thin-bedded,  bluish  to  dark-gray  Cambrian 
limestone  known  as  the  Conasauga  limestone. 

The  dolomite  outcrops  along  the  east  side  of  Opossum  Valley,  being 
quarried  by  the  Tennessee  Republic  Company  at  Thomas  and  by  the 
Sloss  Iron  Company  at  North  Birmingham.  The  outcrop  in  Opossum 
Valley  continues  as  a  narrow  belt  up  the  west  side  of  Birmingham 
Valley  to  Mount  Pinson.  Along  the  east  side  of  Birmingham  Valley 
the  outcrop  extends  in  a  narrow  belt  to  a  point  within  1  mile  of  Chalk- 
ville.  Besides  the  quarries  mentioned  above,  the  Spencer  quarry  of 
the  Lacy-Buek  Iron  Company  at  Lardona  and  that  of  the  Tennessee 
Republic  Company  at  Ketona,  as  well  as  the  old  quarry  at  Dolcito, 
are  located  along  the  western  belt.  The  eastern  and  western  belts  of 
outcrop  are  connected  between  North  Birmingham  and  East  Birming- 
ham, where  the  dolomite  lies  nearly  flat  and  makes  a  wide  outcrop 
separating  the  chert  ridge  in  Birmingham,  known  as  Cemetery  Ridge, 
from  the  chert  ridge  extending  northeastward  from  East  Birmingham 
to  Blount  Mountain.  There  is  an  outcrop  of  the  dolomite  in  Murplu'ee 
Valley  extending  along  the  east  side  of  Gravelly  Ridge  from  Chepul- 
tepec  to  Remlap.  It  is  well  exposed  on  Blackburn  Fork  west  of 
Swansea,  as  a  bluff  about  100  feet  high.  The  dolomite  is  also  known 
to  occur  along  the  east  side  of  the  Cahaba  trough,  at  the  west  base  of 
Pine  Mountain,  where,  on  account  of  its  vertical  attitude,  its  outcrop 
is  narrow,  though  it  probably  extends  for  10  miles  diagonally  across 
the  southeast  corner  of  the  Birmingham  quadrangle. 

The  dolomite  is  generally  gray  in  color  and  more  or  less  crystalline 
in  texture.  As  shown  by  the  accompanying  analyses,  it  is  nearly  free 
from  silica,  though  thin  plates  of  chert  or  silica  in  some  other  form  are 
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said  to  occur  in  the  rock  at  various  points.  At  the  top  it  begins  to 
show  more  or  less  abundant  chert  inclusions,  such  as  nodules,  string- 
ers, and  thin  irregular  sheets.  This  transition  may  be  observed  in 
the  vicinity  of  the  abandoned  Dolcito  quarry,  where  the  overlying 
cherty  phase  of  the  Knox  is  fairly  well  exposed.  The  rock  is  in  most 
places  thick  bedded.  In  weathering  much  of  the  surface  becomes 
granular,  simulating  closely  the  appearance  of  a  coarse-grained  sand- 
stone. As  stated  above,  the  thickness  of  this  dolomite  seems  to  be 
about  500  feet.  It  was  measured  in  Opossum  Valley,  west  of  Birming- 
ham, and  along  the  section  from  the  Spencer  quarry  through  Lardona, 
where  the  top  and  bottom  can  be  determined  within  reasonably  close 
limits.  There  may  be  considerable  variation  from  this  thickness, 
however,  in  different  parts  of  the  region.  The  dip  along  the  western 
belt,  where  the  quarries  mentioned  above  are  located,  is  from  10°  to 
15°  E. 

From  this  dolomite  is  obtained  all  the  flux  quarried  in  the  Birming- 
ham quadrangle  except  that  obtained  from  the  Bangor  limestone. 
At  the  quarries  of  the  Tennessee  Eepublic  Company  at  Ketona,  and  of 
the  Sloss  Iron  Company  at  North  Birmingham,  this  rock  is  a  nearly 
pure  calcium  and  magnesian  carbonate,  as  shown  by  the  following 
analyses : 

Analyses  of  dolomite  from  Ketona  and  North  Birmingham  quarries. 


1. 

1.31 

.96 

55.80 

42.47 

2. 


SUica(8iOi). _ 1.31  0.70 

Alumina  (AUOs) .96  .63 

Lime  carbonate  (CaCOs) 55.80  66.41 

Magnesium  carbonate  (MgCOs) 42.47  43. 00 

1.  Average  of  four  analyses  of  average  sample  from  Ketona  quarry,  August  to  October,  1903.    Analy- 
ses furnished  by  Tennessee  Republic  Company. 

2.  Average  of  ten  analyses  of  carload  lots  from  North  Birmingham  quarry,  August,  1903,  to  June, 
1905.    Analyses  furnished  by  Sloss  Iron  Company. 

These  analyses  indicate  that  the  lime  and  magnesia  in  this  rock  are 
nearly  in  the  proportions  of  the  mineral  dolomite  and  that  it  is  prop- 
erly called  dolomite.  W.  B.  Phillips"  has  made  a  number  of  silica 
determinations  from  the  dolomite  in*  the  vicinity  of  Dolcito.  At  the 
south  end  of  the  Dolcito  quarry,  which  had  a  face  of  17  feet  at  the 
time  of  sampling,  samples  taken  from  every  foot  of  the  face  showed  a 
range  of  0.48  to  0.88  per  cent  of  silica,  with  an  average  of  0.64  p^r 
cent.  At  the  northeast  end  of  the  same  quarry,  presumably  from  the 
same  beds  as  at  the  southwest  end,  though  not  so  stated,  the  silica,  in 
samples  taken  in  the  same  way,  ranged  from  0.48  to  4.58  per  cent, 
with  an  average  of  1.69  per  cent.  This  shows  a  considerable  varia- 
tion within  a  short  distance.  Two  miles  northeast  of  Dolcito,  on 
Fivemile  Creek,  29  samples  taken  at  intervals  from  top  to  bottom  of 

a  Geol.  Survey  Alabama,  Rept.  on  Valley  Regions,  pt.  2,  \%^1 , -pp. "ST^-^^, 

Bull.  315--07 17 
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116  feet  of  dolomite  gave  silica  ranging  from  0.96  to  7.28  per  cent, 
with  an  average  of  3.26  per  cent.  This  shows  a  still  greater  increase 
in  silica  content  to  the  northeast.  The  writer  suspects  that  in  the 
latter  case  the  samples  were  obtained  at  a  horizon  above  the  true 
chert-free  dolomite,  which  north  of  Dolcito  is  apparently  confined  to 
the  flat  land  along  the  valley  and  does  not  show  in  outcrop  to  any 
extent. 

On  account  of  the  fact  that  the  dolomite  outcrops  along  the  valley 
bottoms  but  little  above  drainage  the  conditions  for  quarrying  are 
not  very  favorable,  inasnmch  as  it  is  necessa^J^to  keep  the  quarries 
dry  by  constant  pumping  and  the  rock  has  to  be  raised  from  consider- 
able depth.  It  is  especially  difficult  to  keep  the  quarries  dry  in  heavy 
and  prolonged  rains,  and  at  times  work  has  to  be  suspended  on 
account  of  flooding. 

The  most  favorable  conditions  for  quarrying  exist  in  Murphree  Val- 
ley between  Eemlap  and  Chepultepec,  where  the  dolomite  outcrops 
well  up  on  the  east  side  of  Gravelly  Eidge,  and  though  the  rock  dips 
to  the  west  at  a  considerable  angle  large  bodies  could  be  quarried  in 
such  a  way  as  to  be  self-draining;  moreover,  the  expense  involved  in 
raising  the  rock  from  a  deep  quarry  on  level  ground  would  be  entirely 
avoided. 

The  suitability  of  this  dolomite  for  flux  has  been  ampl}^  demon- 
strated by  its  use  in  the  furnaces  of  the  region  for  the  last  ten  years, 
and  no  comments  on  that  phase  of  the  matter  need  be  made  here. 
The  results  obtained  in  actual  use  throughout  this  period  prove  that 
the  dolomite  is  in  every  respect  equal  to  the  best  limestone  to  be  had 
in  the  region  for  fluxing  purposes.  One  company  reports  its  exclusive 
use  in  smelting  iron  for  the  manufacture  of  steel  by  the  basic  process. 
The  abundance  of  the  rock  in  proximity  to  the  furnaces  is  another 
condition  favoring  its  use. 

CONASAUGA  LIMESTONE. 

The  Conasauga  limestone  is  a  thin-bedded  bluish  to  gray  rock, 
immediately  underlying  the  Knox  dolomite.  It  is  the  lowest  and 
oldest  rock  formation  exposed  in  the  region  under  consideration.  The 
limestone  is  interbedded  with  more  or  less  shale.  It  is  known  in  the 
region  as  the  Flatwoods  formation,  because  it  underlies  the  flat,  badly 
drained  lands  of  the  valleys.  Thus  it  underlies  Opossum  Valley,  as  at 
North  Birmingham,  for  two-thirds  of  its  width;  and  east  of  Cemetery 
Ridgie  it  has  an  outcrop  more  than  a  mile  in  width  in  the  central  part 
of  the  city  of  Birmingham,  where  its  ledges  can  be  seen  here  and  there 
in  the  streets.  Most  of  the  limestone  seen  outcropping  in  Opossum 
Valley  between  Village  Creek  and  the  Louisville  and  Nashville  Rail- 
road is  Conasauga.  This  outcrop  wedges  out  a  mile  south  of  Wylam, 
and  to  the  north  it  gradually  tapers  to  a  point  and  disappears  beneath 
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the  d6lomite  about  1  mile  north  of  Greene  station,  on  the  Louisville 
and  Nashville  Railroad.  The  outcrop  east  of  Cemetery  Ridge  extends 
northward  as  a  narrow  belt  through  East  Lake,  running  to  a  point  and 
disappearing  beneath  the  dolomite  one-half  mile  west  of  Hoffman.  In 
Murphree  Valley  a  belt  of  this  limestone  half  a  mile  wide  extends  from 
Remlap  to  Chepul tepee. 

The  Conasauga  limestone  can  be  readily  distinguished  from  the  over- 
lying dolomite  by  the  following  differences:  The  limestone  is  blue  or 
dark  gray,  without  granular  texture,  and  effervesces  freely  when 
treated  with  cold  dilute  acid;  the  dolomite  is  generally  light  gray  with 
distinct  granular  texture  and  effervesces  in  cold  dilute  acid  very  feebly 
or  not  at  all. 

It  is  probable  that  the  Conasauga  formation  in  this  region  is  not  all 
limestone,  but  is  composed  of  alternating  layers  of  limestone  and  shale. 

The  Conasauga  limestone  is  separated  from  the  younger  rocks  on  the 
west  by  a  fault  which  has  brought  it  into  contact  successively  with  all 
the  overlying  formations  as  high  as  the  coal  measures.  The  beds  gen- 
erally dip  at  a  high  angle.  It  seems  probable  that  they  are  affected 
by  minor  folding  or  wrinkling  to  a  considerable  extent.  Such  wrink- 
ling can  be  seen  along  the  road  from  Dolcito  to  Tarrant  Gap,  and  it 
probably  occurs  elsewhere  as  well.  On  account  of  such  irregularities 
in  the  dip  no  reliable  estimate  of  the  thicknesss  of  the  Conasauga  lime- 
stone can  be  made.  It  seems  hardly  probable,  however,  that  it  is  less 
than  1,000  feet,  and  it  may  be  much  greater.  No  use  has  been  made 
of  this  limestone  so  far  as  known  to  the  writer. 

Below  is  an  average  analysis,  by  William  E.  Janes,  of  two  samples 
from  an  old  quarry  near  Wheeling,  northeast  of  Bessemer.  It  was 
kindly  furnished  by  Mr.  A.  Lodge,  of  the  Woodward  Iron  Company: 

Average  analysis  of  Conasauga  limestone  from  Wheeling  quarry. 

Silica  (SiOa) 1.20 

Iron  oxide  and  alumina  (Fe2034- AI2O3) 49 

Lime  carbonate  (CaCOa) 89. 03 

Magnesium  carbonate  (MgCOa) j^ 8. 04 

Sulphur  dioxide  (SOg) 115 

This  rock  is  suitable  for  flux  and  for  lime,  but  it  contains  too  much 
magnesia  for  cement  making.  It  would,  however,  manifestly  be 
unsafe  to  draw  any  conclusions  as  to  the  general  composition  of  this 
limestone  from  these  two  analyses. 

The  outcrop  of  the  formation  is  always  on  low  ground,  little  above 
drainage,  and  the  dips  are  high,  so  that  conditions  for  quarrying  are 
very  unfavorable.  Since  there  is  abundant  material  in  the  region  of 
as  good  or  even  better  quality  and  better  situated  for  quarrying,  there 
is  little  likelihood  that  this  limestone  will  be  utilized  to  any  extent. 


SAND-LIME  BRICKMAKING  NEAR  BIRMING- 
HAM, ALA. 


By  Charles  Butts. 


The  manufacture  of  sand-lime  brick  is  rapidly  approaching  the  pro- 
portions of  an  important  industry  in  the  United  States,  as  it  has  been 
in  Germany  for  the  last  ten  or  fifteen  years.  In  the  following  brief 
discussion  of  the  subject  no  effort  is  made  to  go  into  detail. 

A  sand-lime  brick  is  essentially  a  mass  of  sand  cemented  by  hydrous 
lime  silicates.  The  sand  may  be  either  loose  sand  or  pulverized 
sandstone.  Sand  and  quicklime  are  thoroughly  mixed  in  the  pro- 
portion of  5  to  10  pounds  of  lime  to  100  pounds  of  sand.  The  lime 
may  be  slaked  to  a  putty  or  to  a  powder;  or  it  may  be  ground  dry 
and  mixed  with  the  sand,  enough  water  being  added  to  slake  the 
lime.  In  any  case  the  mixture  should  contain  enough  water  to  be 
plastic.  The  brick  are  molded  and  placed  in  a  steam  drying  cylinder 
where  they  remain  from  seven  to  ten  hours  under  a  pressure  of  115 
to  160  pounds  to  the  square  inch,  at  a  temperature  of  170°  to  185°  C. 
It  is  believed  by  the  advocates  of  sand-lime  brick  that  this  treat- 
ment results  in  the  formation  of  lime  silicates  or  lime  hydrosilicate, 
by  which  the  sand  grains  are  firmly  cemented  together,  making  a 
brick  of  great  strength.  These  brick  can  easily  be  made  with  a 
crushing  strength  of  over  4,000  pounds  per  square  inch  and  a  tensile 
strength  of  over  200  pounds  per  square  inch.  The  crushing  strength 
and  elasticity  exceed  that  of  some  sandstones.  The  brick  with- 
stand severe  freezing  and  thawing  tests,  as  well  as  fire  tests.  With 
pure  sand  the  color  is  white,  but  by  the  addition  of  various  pro- 
portions of  manganese  or  graphite,  pink  or  gray  brick  can  be  made. 
It  is  claimed  that  these  brick  will  make  very  rigid  structures  and 
that  they  are  in  every  way  safe  and  satisfactory  building  material. 
Both  common  and  front  brick  are  made.  Their  chief  merits  seem 
to  be  their  white  color  and  their  somewhat  lower  cost  of  manufacture 
than  that  of  clay  or  shale  brick  used  for  building  fronts  and  for 
ornamental  purposes. 

Thte  sand  used  for  brick  should  be  comparatively  free  from  clay 
and  feldspar,  neither  of  which  probably  should  exceed  10  per  cent  and 
even  a  smaller  amount  may  be  desirable.  The  best  results  appear  to 
^6 
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be  obtained  from  the  use  of  high  calcium,  hot  or  fat  lime,  that  is,  lime 
made  from  limestone  containing  85  to  100  per  cent  of  calcium  car- 
bonate.    Some  magnesium  carbonate  may  be  present. 

According  to  Peppel"  the  cost  of  production  in  this  country,  not 
including,  interest,  depreciation,  repairs,  etc.,  varies  from  $3  to  $4 
per  thousand  and  the  selling  prices  vary,  according  to  the  locality, 
from  $8  to  $15  per  thousand. 

A  few  notes  are  appended  concerning  the  plant  near  Sayreton,  Ala., 
a  village  just  north  of  Birmingham.  This  plant  is  jowned  and  oper- 
ated by  the  Birmingham  Sand-lime  Brick  and  Stone  Manufacturing 
Company.  The  sand  used  here  is  derived  from  the  sandstone  out- 
cropping along  the  crest  of  Sand  Mountain.  This  sandstone  lies  near 
the  base  of  the  "Coal  Measures."  Its  composition  is  shown  by  the 
following  analysis: 

Analysis  of  sandstone  from  Sand  Mountain,  Alabama. 

Metallioiron  (Fe) 0. 50 

Silica  (SiOa) 92.80 

Alumina  (AlgOg) 2.  69 

Lime(CaO) .33 

Magnesia  (MgO) 50 

Moisture 62 

The  sand  from  the  pulverized  rock  is  mixed  by  the  Schwarz  process 
with  lime  in  the  proportion  of  70  poimds  of  lime  to  a  cubic  yard  of 
sand  with  the  addition  of  enough  water  to  make  the  mass  plastic. 
The  material  is  then  pressed  dry  and  run  into  cylindrical  driers,  where 
the  brick  remain  eight  hours  under  a  pressure  of  160  pounds  of  steam. 
The  brick  are  white  and  hard  and  have  a  crushing  strength  of  4,507 
pounds  per  square  inch.  The  daily  capacity  of  the  plant  is  20,000 
brick.  The  product  is  sold  in  Alabama,  Georgia,  and  Mississippi, 
and  there  is  a  large  local  demand. 

An  unlimited  supply  of  sandstone  from  the  formation  supplying 
the  sand  at  Sayreton  is  to  be  had  along  Sand  Mountain,  Black  Jack 
Ridge,  and  Shades  Mountain,  and  also  on  Oak  Mountain,  east  of  Leeds. 
Sand  from  a  lower  Carboniferous  sandstone  lying  between  the  Fort 
Payne  chert  and  the  Bangor  limestone,  which  has  an  extensive  out- 
crop in  the  region,  would  also  be  suitable  for  brickmaking,  since  it 
is  nearly  pure  quartz  sand.  The  quarry  between  Gate  City  and 
Irondale,  from  which  glass  sand  has  been  taken,  is  in  this  sandstone. 
It  makes  Little  Sand  Mountain  southwest  of  Trussville  and  the 
dikelike  outcrop  from  Tarrant  Gap  to  Mount  Pinson,  known  as 
Rocky  Row.  It  is  conspicuous  in  Blount  Valley.  At  Blount  Springs 
it  makes  the  sharp  ridge  just  east  of  the  hotel.  ^  It  is  possible  that 
many  of  the  sandstone  strata  in  the  coal  measures  would  afford  sand 

a  Peppel  S.  v.,  Bull.  Qeol.  Survey  Ohio  No.  o,  1905,  p.  78. 
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suitable  for  brick,  since  they  appear  to  be  made  up  mostly  of  quartz 
grains.  There  is  an  unlimited  source  of  lime  in  the  Bangor  and 
Chickamauga  limestones,  described  in  the  paper  in  this  volume  enti- 
tled *' Limestone  and  dolomite  in  the  Birmingham  district,  Alabama" 
(pp.  247-255). 

For  those  who  wish  more  detailed  information  on  the  subject  the 
following  references  are  given,  taken  mainly  from  EckePs  book,  the 
first  in  the  list : 

Eckel,  E.  C,  Cements,  Limes,  and  Plasters,  1905,  pp.  130-147. 

Lime  and  sand-lime  brick:  Mineral  Resources  U.  S.  for  1905,  pp.  1003-1006. 

GowDY,  J.  K.,  Sand  bricks  in  France:  U.  S.  Consular  Reports,  No.  1547,  January,  1903. 

KiTCHELL,  W.,  Lime-brick  manufacture:  Second  Ann.  Rept.  New  Jersey  Geol.  Sur- 
vey, 1856,  pp.  107-108. 

Marston,  a.,  Tests  of  sand-lime  and  sand-cement  brick  and  concrete  building  blocks: 
Eng.  News,  vol.  51,  1904,  pp.  387-389. 

Mason,  F.  H.,  Calcareous  brick  and  stone  manufacture  in  Germany:  Daily  U.  S. 
Consular  Reports,  No.  1765,  October  3,  1903. 

Owen,  W.,  Patent  lime  and  sand  block:  Jour.  Soc.  Chem.  Industry,  \ol.  19,  1899,  p. 
147. 

Peppel,  S.  v..  The  manufacture  and  properties  of  artificial  sandstone:  Trans.  Am. 
Ceramic  Soc,  vol.  4,  1903;  Eng.  News,  vol.  49,  1903,  pp.  70-73. 

Further  contributions  to  the  manufacture  of  artificial  sandstone  or  sand  brick: 

Trans.  Am.  Ceramic  Soc,  vol.  5,  1903. 

Sand-lime  brick  industry:  Mineral  Resources  U.  S.  for  1903,  pp.  866-882. 

The  manufacture  of  artificial  sandstone  or  sand-lime  brick:  Bull.  Geol.  Survey 


of  Ohio,  4th  ser.,  No.  5,  1905. 
This  is  probably  the  most  complete  original  treatise  on  the  subject  published 

in  this  country.     It  brings  the  subject  down  to  January  1,  1905. 
RocHMANOW,  ,  Basic  fire-proof  bricks:  Thonindustrie  Zeitung,  vol.  27,  p.  108; 

abstract  in  Jour.  Soc.  Chem.  Industry,  vol.  22,  1903,  p.  421. 
ScHWARZ,  ,  Sand  bricks.  Abstract  in  Jour.  Soc.  Chem.  Industry,  vol.  21,  1902, 

pp.  1183-1184. 
Wolff,  L.  C,  Bricks  of  lime  and  sand:  Thonindustrie  Zeitung,  vol.  23,  pp.  854-859; 

abstract  in  Jour.  Soc.  Chem.  Industry,  vol.  19,  1899,  p.  48. 
Anon.,  The  Schwarz  drying  and  mixing  machine  for  manufacturing  lime-sand  brick: 

Eng.  News,  vol.  49,  1903,  p.  179. 


SURVEY  PUBLICATIONS    ON    LIME   AND  MAG- 
NESIA. 

In  addition  to  the  papers  listed  below,  which  deal  principally  with 
lime,  magnesite,  etc.,  further  references  on  limestones  will  be  found  in 
the  lists  given  on  pages  245-246  and  360  imder  the  heads  '* Cements" 
and '*  Building  stone,"  respectively. 

Bastin,  E.  S.  The  lime  industry  of  Knox  County,  Maine.  In  Bulletin  No.  285, 
pp.-  393^00.     1906. 

Hess,  F.  L.  Some  magnesite  deposits  of  California.  In  Bulletin  No.  285,  pp. 
385-392.     1906. 

RiES,  H.  The  limestone  quarries  of  eastern  New  York,  western  Vermont,  Massa- 
chusetts, and  Connecticut.     In  Seventeenth  Ann.  Rept.,  pt.  3,  pp.  795-811.     1896. 

Stose,  G.  W.  Pure  limestone  in  Berkeley  County,  W.  Va.  In  Bulletin  No.  225, 
pp.  516-517.     1904. 

Yale,  C.  G.  Magnesite  deposits  in  California.  In  Mineral  Resources  U.  S.  for 
1903,  pp.  1131-1135.     1904. 
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GYPSUM  IN  NORTHWESTERN  NEW  MEXICO. 


By  Millard  K.  Shaler. 


INTRODUCTION. 

The  field  work  on  which  the  following  notes  are  based  was  carried 
on  in  connection  with  a  reconnaissance  survey  of  the  Durango-Gallup 
coal  field  during  the  fall  of  1905. 

Extensive  deposits  of  gypsum  occur  at  many  places  in  New  Mexico, 
particulariy  in  the  southeastern  and  northwestern  parts  of  the  Terri- 
tory,«  but  they  are  developed  only  at  Ancho,  on  the  line  of  the  Rock 
Island  Railroad,  where  a  plaster  mill  has  been  in  operation  for  several 
years.  ^ 

The  gypsum  along  the  western  base  of  the  Sierra  Nacimiento  was 
known  at  least  as  early  as  1849,  when  Simpson^  mentioned  its  occur- 
rence in  his  journal.  In  1859  Newberry^  saw  these  deposits  and 
described  them  as  '^immense  masses  of  snowy  gypsum."  Cope^  in 
1875  also  refers  to  extensive  deposits  of  gypsum  along  the  western 
base  of  Sierra  Nacimiento.  Cope  regarded  these  deposits  as  Jurassic, 
but  Newberry  was  inclined  to  the  belief  that  they  are  of  Triassic  age. 

It  is  highly  probable  that  these  beds  were  formed  by  precipita- 
tion of  salts  from  sea  water  evaporated  in  a  partly  or  entirely  inclosed 
basin.     This  seems  to  have  been  the  opinion  of  Cope,  who  says:^ 

In  the  badland  tract  I  obtained  satisfactory  evidence  of  the  lacustrine  character  of 
the  formation,  a  point  of  much  importance,  inasmuch  as  the  nature  of  these  beds  has 
remained  very  obscure  up  to  the  present  time.  The  evidence  consists  of  numerous 
specimens  of  bones  and  teeth  of  two  or  three  species  of  saurians,  one  of  which  at  least 
was  of  terrestrial  habits,  according  to  our  present  knowledge. 

a  Herrick,  H.  N.,  Gypsum  deposits  in  New  Mexico;  Bull.  U.  S.  Geol.  Survey  No.  223,  pp.  89-99. 

b  £ckel,  E.  C,  Gypsum  and  gypsum  products  in  1905:  Mineral  Resources  U.  S.  for  1905,  pp.  1105-1115. 

c  Simpson,  James  H.,  Journal  of  a  military  reconnaissance  from  Santa  Fe,  N.  Mez.,  to  the  Navajo 
country,  pp.  25-26. 

d  Newberry,  J.  S.,  Exploring  expedition  from  Santa  Fe  to  junction  of  Grand  and  Green  rivers,  1859, 
p.  177. 

«  Cope,  E.  D.,  IT.  S.  Geog.  Survey  W.  100th  Mer.,  vol.  4,  pp.  1-13. 

/  Loc.  cit.,  p.  9. 
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The  Sierra  Nacimiento  consists  of  a  north-south  trending  series  of 
even-crested   ridges   and   serrated   peaks.     It  is   approximately   35 


Fig.  9.— Sketch  map  showing  line  of  outcrop  of  gypsum  bed. 

miles  long,  extending  from  the  latitude  of  Gallina,  N.  Mex.,  on  the 
north  to  the  latitude  of  Cabezon  on  the  south.  Gallina  Mountain 
marks  the  northern  and  Jemes  Peak  the  southern  terminus  of  the 
range.     These  peaks  rise  to  an  elevation  of  mote  i\v«bXv^  {^^^ \^^V  "^^^^^ 
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sea  level,  their  summits  lying  3,000  feet  above  the  lowland  area  that 
extends  westward  from  the  base  of  the  mountains.  The  main  moun- 
tain mass  is  made  up  of  pre-Carboniferous  (pre-Cambrian?)  granites, 
schists,  and  gneisses,  which  are  overlain  in  patches  by  Carboniferous 
limestone  and  sandstone  and  Permo-Carboniferous  rocks  and  flanked 
on  all  sides  by  Mesozoic  strata.  The  Mesozoic  rocks  are  tilted  at  a 
high  angle  along  the  western  front  of  the  range,  dipping  steeply  west- 
ward away  from  the  mountain  mass  except  where  locally  overturned. 
The  gypsum  deposits  along  the  western  base  of  the  range  lie  near 
the  top  of  the  **Red  Beds''  series.  They  are  apparently  at  all  places 
underlain  by  a  bed  of  bright  yellow,  poorly  consolidated  sand,  and  are 
overlain  by  dark  shales  and  yellowish  brown  sandstone  of  Dakota  or 
Jurassic  age,  from  which  they  are  occasionally  separated  by  a  thin 
bed  of  limestone.  The  Mesozoic  rocks  are  tilted  generally  westward 
throughout  the  length  of  the  mountain  range,  but  at  its  extremities, 
at  the  northern  and  southern  ends  of  the  gypsum  outcrop,  as  mapped, 
the  strike  of  the  beds  changes  to  a  northeast-southwest  direction  and 
the  dip  becomes  northwesterly  and  less  steep.  A  fault,  whose  extent 
and  relations  are  not  yet  clearly  understood,  trends  north-south 
between  the  vicinity  of  Cuba  and  a  point  east  of  the  southern  end  of 
the  Nacimiento  Range.  This  fault  appears  to  involve  only  the  Creta- 
ceous rocks  overlying  the  Dakota  formation. 

GYPSUM  DEPOSITS. 

During  the  hasty  examination  of  the  deposits  time  was  not  available 
to  measure  sections  in  the  pre-Cretaceous  rocks  except  at  great  inter- 
vals along  the  outcrop,  and  the  measurements  made  were  not  all 
accurate.  At  Gallina,  on  Gallina  Creek,  near  the  northern  limit  of  the 
gypsum  outcrop  as  here  mapped,  a  bed  of  massive  white  gypsum 
outcrops  within  the  limits  of  the  village,  where  it  has  been,  to  a  very 
limited  extent,  quarried  and  burned,  the  product  being  used  by  the 
inhabitants  for  plastering  their  adobe  houses.  The  deposit  is  readily 
accessible  and  is  mined  by  open  cut.  The  g3rpsum  bed  may  be  traced 
eastward  from  Gallina  for  many  miles,  as  it  outcrops  along  Gallina 
Creek  in  the  southward-facing  blujQF  of  Mesa  Blanca  Capulin.  The 
rocks  in  this  mesa  lie  almost  flat,  having  a  very  low  northwesterly  dip, 
about  equal  in  grade  to  the  fall  of  the  creek.  A  section  of  the  lower 
Mesozoic  rocks  containing  the  gypsum  deposits  is  given  below. 

Section  of  rocks  in  Mesa  Blanca  Capulin. 

Feet. 

Dakota  red  sandstone 80 

Red  and  green  shale  (Dakota  or  Jurassic) 300 

Gypsum 40+ 

Yellow,  poorly  consolidated  sand 50 

Red  sandstone  (Jurassic-Triassic) 300-1- 
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Farther  south,  between  Gallina  and  Senorita,  the  same  gypsum  bed 
was  observed  at  many  places,  but  its  thickness  and  its  relations  to  the 
overlying  and  underlying  rocks  were  not  particularly  noted.  East  of 
Lajara  the  bed,  if  present,  is  completely  covered  by  flat-lying  Tertiary 
sediments,  which  overlap  the  Mesozoic  section  from  the  west.  This 
condition  probably  exists  at  several  localities  between  Gallina  and 
Senorita. 

At  Senorita  the  rocks  that  include  the  gypsum  dip  veiy  steeply  to 
the  west.  The  gypsum  bed  outcrops  above  a  limestone  bed  50  feet 
in  thickness,  from  which  lime  has  been  burned  for  local  use.  So  far 
as  known,  the  gypsum  has  not  been  utilized  at  Senorita,  where  it  out- 
crops, striking  north-south  about  one-fourth  mile  west  of  the  post- 
oflSce.  The  company  that  has  a  copper  smelter  situated  at  Senorita 
has  opened  a  6-foot  coal  bed  which  outcrops  about  one-half  mile  west 
of  the  gypsum  outcrop.  This  bed  furnishes  a  good  grade  of  bitu- 
minous or  subbituminous  coal  and  its  outcrop  parallels  the  gypsum 
outcrop  throughout  its  extent  as  mapped.  The  presence  of  this 
coal  should  do  much  to  hasten  development  of  the  gypsum  bed  at 
this  point.  As  will  be  seen  from  the  section  that  follows,  the  gypsum 
bed  has  a  thickness  of  54  feet  at  Senorita. 

Section  of  rocks  exposed  at  Senorita. 

Feet. 
Mesaverde  coal  measures,  containing  6-foot  coal  bed 

Mancos  shale 2,  500+ 

Dakota  sandstone  (shale  and  sandstone  at  base  of  unknown  age).  600 

Gypsum;  massive,  white 54 

Limestone,  white,  crystalline 50 

Shale,  red  and  greenish  drab. 600 

"  Red  Beds"  sandstones  and  shales  (copper  bearing  at  base) . . .  750  . 

About  3  miles  west  of  San  Miguel  copper  mine,  at  present  aban- 
doned, a  bed  of  massive  white  gypsum  60  feet  thick  outcrops,  dipping 
nearly  due  west  at  an  angle  of  40°.  Here  the  gypsum  is  overlain  by  a 
bed  of  limestone  40  feet  thick.  The  following  section  shows  the  rela- 
tions of  the  underlying  and  overlying  rocks  to  the  gypsum. 

Section  of  rocks  exposed  at  San  Miguel  mine. 

Feot. 

Dakota  sandstone  and  shale  at  base  (shale  may  bo  Jurassic) 100+ 

Crystalline  limestone 40 

Massive  white  gypsum GO 

Light  pinkish  sandstone,  red  shale  at  base 80 

Light  pinkish  sandstone,  copper  bearing 40 

Red  sandstone,  with  some  shale  interbedded  (Jurassic-Triassic). . .  300+ 
Pre-Carboniferous  (pre-Cambrian?)  granite. 

The  gypsum  deposit  at  this  point  is  easily  accessible  by  the  wagon 
road  to  Bernalillo,  and  could  be  mined  over  an  extensive  area,  at  first 
by  open  cut  and  later,  as  necessity  demanded  it,  by  slope  or  incline. 
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It  is  reported  that  the  gypsum  has  been  used  locally  for  making  plaster 
for  a  number  of  years,  although  no  workings  were  seen  by  the  writer. 

A  partial  analysis  by  W.  T.  Schaller,  of  the  United  States  Geological 
Survey,  of  a  sample  taken  from  the  gypsum  bed  at  the  surface  at  this 
point  is  as  follows : 

Analysis  of  gypsum  from  west  of  San  Miguel  copper  mine. 

Calcium  oxide  (CaO) 34.  ^4 

Sulphur  trioxide  (SO3) 46.  61 

Water 18.89 

Insoluble  residue 18 

Loss 08 

This  analysis  shows  that  the  gypsum  at  this  point  is  practically 
pure.  It  contains  about  2.5  per  cent  of  calcium  oxide,  more  than  can 
be  in  combination  with  the  sulphur  trioxide  present.  It  is  likely  that 
this  excess  is  in  combination  with  CO2,  which  has  been  included  as 
water  and  loss. 

At  the  head  of  a  tributary  to  Rio  Salado,  about  3  miles  southeast  of 
Ojo  del  Espiritu  Santo,  at  an  elevation  between  7,500  and  8,000  feet, 
the  gypsum  bed  reaches  a  maximum  thickness  of  about  100  feet. 
Near  the  mountains  the  bed  is  conformable  with  the  underlying  rocks, 
which  dip  westward  at  an  angle  of  70°.  Within  a  short  distance, 
however,  across  the  dip,  the  gypsum  bed  becomes  very  flat,  con- 
forming with  the  dip  of  the  overlying  Dakota(?)  formation.  The 
relations  here  are  not  plain,  but  it  is  believed  that  the  dip  of  the  under- 
lying Mesozoic  strata  decreases  westward  an  equal  amount.  As  a 
consequence  of  this  jBattening  away  from  the  mountains  and  the  pres- 
ence of  a  valley  heading  near  this  locality,  a  large  area  of  gypsum 
is  exposed  and  can  be  mined  to  advantage  by  open  cut.  It  should  be 
accessible  by  a  wagon  road  built  at  slight  expense  up  the  valley  of  a 
tributary  of  Rio  Salado.  In  appearance  the  gypsum  is  identical  with 
that  analyzed  from  near  San  Miguel  mine.  In  the  section  it  will  be 
noticed  that  the  limestone  bed,  which  was  50  feet  thick  at  Senorita, 
is  absent  here. 

Section  of  rocks  exposed  near  Ojo  del  Espiritu  Santo. 

Feet. 

Alternating  shales  and  sandstones  (Dakota?) 500-h 

Massive,  white  gypsum 100 

Shales  and  argillaceous  sandstone 1 a  250 

Red  sandstone  ( Jurassic-Triassic) 200 

Pre-Carboniferous  (pre-Cambrian?)  granite 

The  gypsum  bed  outcrops  continuously  for  several  miles  in  a  zone 
extending  northward  from  the  locality  just  described.  It  dips  west- 
ward at  an  angle  of  50°  and  extends  to  a  point  4  miles  farther  south, 

a  The  exposure  in  the  upper  part  was  too  poor  to  enable  the  writer  to  affirm  or  deny  the  presence  of 
theyeUow  sand  below  the  gypsum. 


GYPSUM    IN    NORTHWESTERN    NEW    MEXICO.  265 

where,  the  strike  abruptly  changing  to  a  nearly  east-west  direction, 
the  line  of  outcrop  crosses  the  Cabezon- Albuquerque  wagon  road  and 
then  courses  southwestward  for  an  unknown  distance.  Where  the 
gypsum  outcrop  crosses  the  wagon  road  the  bed  dips  gently  west- 
northwest.  At  this  point  it  is  covered  by  a  tfiin  bed  of  shale  and 
could  probably  be  exposed  over  a  considerable  area  by  stripping.  It 
is  here,  apparently,  that  Simpson  *  observed  gypsum  and  salt  deposits. 
Salt  was  not  seen  by  the  writer,  but  it  is  undoubtedly  present  in  the 
vicinity  in  some  quantity,  for  the  Rio  Salado,  whose  head  tributaries 
drain  the  area,  is  exceedingly  salty.  The  section  exposed  at  this  point 
is  in  all  respects  similar  to  that  measured  at  the  locality  just  described. 
Here  the  yellow,  unconsolidated  sand  bed,  50  feet  thick,  underlies  the 
gypsum. 

RESUME. 

As  has  been  already  noted  above,  the  deposits  are  practically  inex- 
haustible and  are  accessible  by  wagon  road,  but  railroad  facilities 
are  lacking.  The  nearest  railroad  station  is  Bernalillo,  on  the  Atchi- 
son, Topeka  and  Santa  Fe  Railroad.  This  place  is  25  miles  distant 
from  the  gypsum  deposit  last  described — so  far  that  a  wagon  haul 
is  quite  out  of  the  question  under  present  conditions.  It  is  not 
thought  likely  that  the  deposits  will  be  worked  on  a  commercial 
scale  until  the  gypsum  beds  of  the  territory  that  are  situated  nearer 
railroad  lines  have  been  practically  exhausted  or  until  the  demand 
for  gypsum  products  greatly  increases.  It  is  not  at  all  improbable, 
however,  that  a  railroad  line  will  soon  be  built  into  the  area,  the 
promoters  having  in  view  primarily  the  development  of  the  coal  and 
copper  resources  of  the  region,  a  description  of  which  has  been  given 
in  other  Survey  publications.^  The  presence  of  the  coal  beds  will 
do  much  to  promote  the  development  of  the  gypsum  industry  in 
this  region,  for  the  gypsum  may  be  burned  on  the  ground  cheaply. 
The  analysis  given  above  shows  that  the  gypsum  is  of  exceptional 
purity  where  the  sample  was  taken.  Throughout  its  occurrence  its 
physical  characteristics  are  similar,  and  in  so  far  as  one  may  be 
guided  by  appearance  it  is  everywhere  of  similar  purity.  The  gyp- 
sum is  suitable  for  any  purpose  to  which  gypsum  is  adapted. 

o  Loc.  cit. 

ftSchrader,  F.  C,  The  Darango-Gallup  coal  field  of  Colorado  and  New  Mexico:  Bull.  U.  S.  Geol. 
Survey  No.  285,  1905,  pp.  250-251.  Lindgren,  W.,  and  Graton,  L.  C,  A  reconnaissance  of  the  mineral 
deposits  of  New  Mexico:  Bull.  U.  S.  Geol.  Survey  No.  285,  1905,  p.  86.  Lindgren,  W.,  Graton,  L.  C, 
Gordon,  C.  H.,  and  Schrader,  F.  C,  Reconnaissance  of  the  mineral  deposits  of  New  Mexico:  Prof. 
Paper  U.  S.  Geol.  Survey,  in  preparation. 


SURVEY  PUBLICATIONS  ON  GYPSUM  AND 

PLASTERS. 

The  more  important  publications  of  the  United  States  Geological 
Survey  on  gypsum  and  plasters  are  included  in  the  following  list: 

Adams,  G.  I.,  and  others.  Gypsum  deposits  of  the  United  States.  Bulletin  No. 
223.     123  pp.     1904. 

BouTWELL,  J.  M.  Rock  gypsum  at  Nephi,  Utah.  In  Bulletin  No.  225,  pp.  483- 
487.     1904. 

Eckel,  E.  C.  Salt  and  gypsum  deposits  of  southwestern  Virginia.  In  Bulletin 
No.  213,  pp.  406-416.     1903. 

Orton,  E.  Gypsum  or  land  plaster  in  Ohio.  In  Mineral  Resources  U.  S.  for 
1887,  pp.  506-601.     1888. 

Richardson,  G.  B.  Salt,  gypsum,  and  petroleum  in  trans-Pecos  Texas.  In  Bul- 
letin No.  260,  pp.  573-585.     1905. 

SiEBENTHAL,  C.  E.  Gypsum  of  the  Uncompahgre  region,  Colorado.  In  Bulletin 
No.  285,  pp.  401-403.     1906. 

Gypsum  deposits  of  the  Laramie  district,  Wyoming.     In  Bulletin  No.  285, 

pp.  404-405.     1906. 
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SURVEY  PUBLICATIONS  ON  SALT,  BORAX,  AND 

SODA. 

The  more  important  publications  of  the  United  States  Geological 
Survey  on  the  natural  lime,  sodium,  and  potassium  salts  included  in 
this  group  are  the  following: 

Campbell,  M.  R.  Reconnaissance  of  the  borax  deposits  of  Death  Valley  and 
Mohave  Desert.     Bulletin  No.  200.     23  pp.     1902. 

Borax  deposits  of  eastern  California.     In  Bulletin  No.  213,  pp.  401-405. 

1903. 

Chatard,  T.  M.  Salt-making  processes  in  the  United  States.  In  Seventh  Ann. 
Rept.,  pp.  491-535.     1888. 

Darton,  N.  H.  Zuni  salt  deposits.  New  Mexico.  In  Bulletin  No.  260,  pp.  565- 
566.     1905. 

Day,  W.  C.  Potassium  salts.  In  Mineral  Resources  U.  S.  for  1887,  pp.  628-650. 
1888. 

Sodium  salts.     In  Mineral  Resources  tJ.  S.  for  1887,  pp.  651-658.     1888. 

Eckel,  E.  C.     Salt  and  gypsum  deposits  of  southwestern  Virginia.     In  Bulletin 

No.  213,  pp.  406-^16.     1903. 

Salt  industry  of  Utah  and  California.     In  Bulletin  No.  225,  pp.  488-495. 

1904. 

HiLGARD,  E.  W.  The  salines  of  Louisiana.  In  Mineral  Resources  U.  S.  for  1882, 
pp.  554-565.     1883. 

Kindle,  E.  M.  Salt  resources  of  the  Watkins  Glen  district.  New  York.  In  Bul- 
letin No.  260,  pp.  567-572.     1905. 

Packard,  R.  L.  Natural  sodium  salts.  In  Mineral  Resources  U.  S.  for  1893,  pp. 
728-738.     1894. 

Richardson,  G.  B.  Salt,  gypsum,  and  petroleum  in  trans-Pecos  Texas.  In  Bul- 
letin No.  260,  pp.  573-585.     1905. 

Yale,  C.  G.    Borax.     In  Mineral  Resources  U.  S.  for  1889-1890,  pp.  494-506.    1902. 
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CLAYS  AND  CLAY  PRODUCTS. 


PROPERTIES  AND  TESTS  OF  FULLER'S  EARTH." 


By  John  T.  Porter. 


GEOLOGY  AND  ORIGIN. 

Practicall}^  all  workable  deposits  of  fuller's  earth  are  of  secondary 
origin,  having  been  redeposited  in  sedimentary  series.  Residual 
deposits  are  also  known,  for  example,  in  Saxony,  where  the  fuller's 
earth  is  found  in  situ  derived  from  gabbro.  As  is  to  be  expected 
from  its  origin,  the  deposits  are  most  frequently  found  in  the  Tertiary 
formations.  Thus  the  well-known  beds  at  Quincy,  Fla.,  are  of  the 
Miocene  epoch,  and  the  earths  in  South  Carolina  belong  to  the  Eocene 
and  Neocene  formations.  The  extensive  deposits  of  South  Dakota  are 
also  of  Tertiary  age,  but  in  which  division  I  am  unable  to  state.  On 
the  other  hand,  certain  British  deposits  are  stated  *  to  belong  to  the 
lower  greensahd  (Lower  Cretaceous),  and  Dana  *^  mentions  the 
*^ fuller's  earth  group"  as  a  subdivision  in  oolite  of  the  Jurassic  period. 

Gabbro,  diorite,  diabase,  and  basalt  are  mentioned  by  different 
writers  as  rocks  from  which  fuller's  earth  is  derived.  It  will  be 
noticed  that  these  rocks  are  all  similar  in  their  nature  and  belong 
to  either  the  homblendic  or  basaltic  series.  Their  characteristic 
mineral  constituents  are  the  augites  and  hornblendes,  with  the  feld- 
spars less  prominent;  the  zeolites  magnetite,  ilmenite,  olivine,  and  other 
minerals  may  also  be  present.  The  subjoined  table  gives  a  list  of 
minerals  which  from  lithologic  considerations  would  seem  likely  to 
be  found  in  fuller's  earth.  Tliis  list  embraces  not  only  the  above- 
mentioned  minerals,  but  also  the  hydrous  aluminum  silicates  or  clay 
minerals  which  may  result  from  their  decomposition.  For  con- 
venience in  reference,  the  chemical  composition  and  certain  physical 
properties  are  also  tabulated. 


o  The  work  on  which  this  report  is  based  was  carried  out  in  the  laboratory  and  at  the  expense  ol 
Mr.  Charles  Catlett,  of  Staunton,  Va.,  in  connection  with  an  investigation  of  the  subject  for  private 
persons.  Mr.  Catlett  has  kindly  placed  the  results  of  this  work  at  the  disposal  of  the  Survey,  and 
as  they  seem  to  represent  the  first  detailed  series  of  comparative  tests  on  such  materials  it  has  been 
decided  to  publish  them  in  the  present  bulletin.— E.  C.  E. 

b  Nineteenth  Ann.  Rept.  U.  S  Geol.  Survey,  pt.  6,  continued,  1898,  p.  408. 

cBana,  J.  D.,  Manual  of  Geology,  1895,  p.  775. 
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Table  1. — Minerals  likely  to  be  found  in  fuller* s  earth. 
MINERALS  OF  CLAYS  AND  SOILS. 


Name. 


Muscovite 

Biotite 

Phiogopite 

Pectolite 

Laumontite. . . 

Prehnite 

Natrolite 

Analcite 

Datolite 

Chabazite 

Stilblte 

Heulandite . . . 

Orthoclase 

Microcline 

Albite.. 

Oligoclase 

Labrador!  te.. 

Anorthite 

Hornblende... 

Tremolite 

Actinolite 

Glaucophane. . 

Diallage 

Enstatite 

Hypersthene.. 

Jenerisite 

RipidoUte 

Penninite 

Prochlorite... 

Spinel 

Hydrargillite.. 

Bauxite 

Diaspore 

Quartz 

Opal 

Galcite 

Dolomite 

Gypsum 

Apatite 

M^rcasite 

Pyrite 

Limonite 

Magnetite 

Hematite 

Siderite 

Rutile 


Ilmenite 

Pyrolurite . . . 

Olivine 

Vesuvianite.. 

Epidote 

Zoisite 

AUanite 

Andalusite... 

Staurolite 

Fibrolite..... 

Cyanlte 

Scapolite 

Nepheline 

Talc 

Serpentine... 
WoUastonlte. 


Specific 
gravity. 


2.80 
2.90 
2.80 
2.70 


Hard 
ness. 


2.00 
2.  SO 
2.  SO 
5.00 


I 


2.90 
2.20 
2.20 
3.00 
2.10 
2.10 
2.20 
2.  SO 
2.50 
2.60 
2.60 
2.70 
2.70 
3.10 
3.00 
3.10 
3.10 


3.20 
3.  SO 


3.90 
2.90 
3.60 


2.  SO 
3.40 
2.60 
2.00 
2.70 
2.90 
l.?0 
3.20 
4.90 
5.00 

3.  CO 
5.20 
5.10 
3.80 
4.20 

4.80 
4.80 
3.30 
3.40 
3.30 
3.30 
4.00 
3.20 
3.70 
3.20 
3.60 
2.70 
2.60 
2.80 
2.60 
2.90 


6.00 
5.00 
5.00 
5.00 
4.  SO 
3.50 
3.50 
6.00 
6.00 
6.00 
6.00 
5.00 
6.00 
6.00 
6.00 
6.00 
6.00 


5.50 
6.00 


2.00 
2.00 
8.00 


2.00 
7.00 
7.00 
6.00 
3.00 
3.  SO 
2.£0 
5.00 
6.00 
6.00 
3.00 
6.00 
3.00 
3.50- 
6.00 

5.60 
2.00 
6.  SO 
6.50 
6.50 
6.00 
5.  SO 
3.00 
7.00 
6.00 
6.00 
6.00 
6.00 
1.00 
3.00 
4.60 


Crystallization. 


Effect  of  acids. 


Monoclinic 

do 

do 

do 


Orthorhombic . 

do 

Isometric 

Monoclinic 

Hexagonai 

Monoclinic 

do 

...'.do 

Triclinic 

do 

do 

do 

do 

Monoclinic 

do 

do 

do 


Orthorhombic . 
do 


Monoclinic. 
do 


Amorphous. 

Orthorhombic. 

Hexagonak 

Amorphous. 

Hexagonal! 

do 

Monoclinic. 

HexagonaL 

Orthorhombic . . 

Isometric 

Amorphous. 

Isometric 

HexagonaL 

do 

Tetragonal 


Not  attacked . 


Decomposed  by  HCl 

do 

Partly  decomposed  by  acid 

Decomposed  by  H»0  and  acid . 
Decomposed  by  HCl 


Decomposed  by  HCl. 

do 

Insoluble 


Not  attacked 

Slightly  attacked 

do 

Decomposed  by  HCl. 

Slightly  attacked 

do 

do 


Soluble  in  HCl  and  HjSO^. 


Insoluble  in  acids. 
Not  attacked 


Soluble. 
do., 


Soluble 

Insoluble 

do 

Soluble 

Slowly  soluble 

Soluble 

do 

Insoluble  except  after  long  concen- 
tration in  HjSO^. 
Hexagonal. 
Orthorhombic . . 

do 

Tetragonal. 
Monoclinic. 
Orthorhombic . . 

Monoclinic 

Orthorhombic . . 

do 

....do 

Triclinic 

Tetragonal 

IlexoganaL i  Decomposed  by  IICl . , 

Monoclinic !  Not  attacked 

do I  Decomposed  by  acids . 

do Decomposed  by  IICl. 


Soluble 

Decomposed  by  HCl  and  HsSO^ . 

Partly  decomposed  by  HCl 

Slightly  attacked  by  HCl , 

Partly  decomposed  by  HCl 


Insoluble  in  acids. 
Not  attacked 


Insoluble  in  acids. 


Author- 
ity.a 


A,  B. 
A. 
A. 

A,  B. 
B. 

A,  B. 
A,  B. 
A,  B. 
A. 
A. 

A,  B. 
A,  B. 
A,  B. 
A. 

a;b. 

A,  B. 
A. 

A,  B. 
A,  B. 
A,  B. 
A,  B. 
A. 

A. 
A. 


A. 

A. 

A. 

B. 

A. 

A,  B. 

A,  B. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A. 

A,  B. 

A. 
A. 

A,  B. 
A,  B. 

A,  B. 

B,  C. 
A. 

A,  B. 
A,  B. 
A. 

A,  B. 
C. 

B,  C. 
B,  C. 
B,  C. 
B,  C. 


aA-Eakle,  A.  S.,  Mineral  Tables,  1904. 
J .  D.,  Manual  of  Mineralogy,  1857. 


B=Comey,  A.  M.,  Dictionary  of  Solubilities.    C=Dana, 


Bull.  315—07 18 
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Table  1. — Minerals  likely  to  be  found  in  fuller^  s  earth — Continued. 

CLAY  MINERALS. 


Name. 

Specific 
gravity. 

Hard- 
ness. 

Crystallization. 

Effect  of  acids. 

Author- 
ity.a 

Kaolin 

2.60 

2.60 
2.00 

2.00 
2.00 

Monoclinic 

do 

Insoluble  in  HCl;  decomposed  by 

HtSO^. 
iTiRnhihle  in  HNO, 

A,  B. 

Pholerite 

B. 

TTallnysJte 

Amorphous. 

Monoclinic 

Decomposed  by  acids 

B. 

Recto  rite 

Newtonite 

2.40 
1.90 

'  *3.'66' 

Rhombohedrai . 
Amorphous. 

AUophane 

Soluble  in  dilute  acids 

B. 

Smectite 

Malthacite 

Passau    porcelain 

clay. 
RaKonmnfTflkjnA  ,    , 

. 

Montmoriilonite 

1 

Not  deoomposed  by  HCl;  decom- 
posed by  HiSG*. 
Not  decomposed  by  H1SO4 

Pyrophyllite 

Anaiucite 

2.90 

i./:o 



Monoclinic. 

B. 

Cimolite 

; 

, 

Clagerite 

1 

Kofiyrite 

^ 

i 

Decomposed  by  all  acids  and  HsO . . 

Name. 


Kaolin 

Pholerite 

Hailoysite 

Rectorite 

Newtonite 

AUophane 

Smectite 

Malthacite 

Passau  porcelain  clay. 

Razoumoffskine 

Montmoriilonite 

Pyrophyllite 

Anauxite 

Cimolite 

Glagerite 

Kollyrite 

Schrotterite 


Formula. 


Composition. 


Silica.     Alumina,  i  Water. 

I I 


Al,0».2SiO«.2H«0.... 
2Alf08.3SiOi.4HfO... 
AlfOj.2SiOf.3HfO.... 

Aif08.28iOf.HfO 

Alf08.2SiOi.5HfO.... 

AlsO«.SiOf.5HfO 

Al«08.7SiOf.lil2H,0. 

Ali08.7SiOs.ll6H»0.. 

4Alf08.9SiOf.i;il2HfO 

Als08.4SiOf.7HfO.... 

Alf08.3SiOf.3HiO.... 

Alf08.4SiOi.HiO 

Ali08.4SiOi.3HiO.... 
2Ali08.9SiOi.6HiO... 
2Ali08.38iOi.6HiO... 
3Ali08.SiOi.9HiO.... 


46.4 
39.3 
43.5 
50.0 
38.5 
28.2 
57.0 
52.2 


51.5 
53.7 
64.2 
60.8 
63.5 


39.7 
45.0 
36.9 
42.5 
32.7 
40.5 
13.8 
12.4 


21.7 
30.3 
30.3 
25.6 
23.9 


13.9 
15.7 
19.0 
7.5 
28  8 
31.3 
29.2 
35.4 


20  8 
16  0 
50 
13.6 
12.6 


12.0 


46.3 


36.2 


o  A=Eakle,  A.  S.,  Mineral  Tables,  1904.    B=Comey,  A.  M.,  Dictionary  of  Solubilities',  18B6.. 

When  the  rocks  from  which  fuller's  earth  is  derived  are  kept  in 
view,  it  seems  to  me  that  the  inference  may  be  fairly  drawn  that  it 
results  from  the  decomposition  of  the  hornblendes  and  augites,  rather 
than  of  the  feldspars,  as  is  the  case  with  ordinary  clays.  This  view 
is  also  supported  by  the  fact  that  magnesia  is  almost  invariably  a 
prominent  constituent  of  fuller's  earth,  in  which  it  averages  much 
higher  than  in  ordinary  clays.     (See  Table  2.) 

Now,  it  is  well  known  that  the  decomposition  of  the  feldspars  tends 
toward  the  production  of  kaolin  and  the  crystalline  aluminiun  hydro- 
silicates,  and  it  seems  possible  that  the  hornblendes  and  augites,  on 
the  other  hand,  may  have  a  tendency  to  decompose  into  the  amor- 
phous silicates.  I  will  endeavor  to  show  later  that  fuller's  earth 
contains  these  amorphous  aluminum  hydrosilicates,  and  if  the  truth 
of  this  theory  could  be  proved  much  light  would  be  thrown  on  the 
whole  question  of  the  origin  of  fuller's  earth  and  its  relation  to  the 
clays. 

The  literature  on  this  subject  is  so  fragmentary  and  so  widely  dis- 
tributed  that  references  having  a  direct  bearing  on  it  are  difficult  to 
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find.  It  is  quite  possible,  indeed  probable,  however,  that  some  of 
the  work  recently  done  on  the  action  of  water  on  rock  powders"  will 
be  found  on  close  study  to  afford  an  explanation  of  the  formation  of 
fuller's  earth.  The  following  table  comprises  a  number  of  analyses 
of  fuller's  earth,  obtained  from  the  sources  indicated: 

Table  2. — Analytee  of  fuller' »  earth  from  various  sources. 
ICalcuiated  to  dr;  state,] 


No. 

Looallty. 

SiOi 

A1,0» 

HiO. 

FwOi 

C»0. 

MgO. 

lic^a." 

Other  elr- 

Total 

100,63 
90.  S2 
96.94 

!07.3a 
93,92 
08.00 

,11 

9^72 
101.98 

88- se 
<M.9S 

Au- 

ArtanM 

83.19 

3B.ce 

ea.do 
71.  m 

11 

aoiio 

BS.40 

woo 

SI.  00 
55.  4§ 

150.90 

17,29 
30.00 

22,88 
33.  J8 

Iti 

10,38 
17.'M 
11.00 

11.  S2 
10,00 

15  34 

a 

12,00 

is:  00 
ii.ti 

B.29 
24.' OS 

24,00 

7:0s 

7:14 

3-31 

4.48 
2.4S 
3.82 

12,00 

1:90 

B,TS 

2 
0,8J 

11 

3.34 

.,      ,„ 

t    Tio"'t?:i 

i;l 

NaCl,OB 

'ffi',;J! 

Nan.  14 

^ 

do 

Ocaln,FU 

Gadsden,  Fla 

Mount  Plo«Mnt,Fla. 

gr^y;i:.^tniMW.- 

L    IM). 

Custer,  S.  Dak 

!;";doI!!"!-----.-- 

do 

do.-!-'-.."-.;:: 

"iiermopars.'bait.",;! 

46 

n.TO 

11 

.13 
4  36 

nd' 

ii:d: 

nidi 

II 

5:1 

3,16 

sioo 

n,  d. 

"■ 

Ill 

IS 

il 

5.  DO 
7,40 

3,36 

■1 

3,00 
2x0 

S,27 
1.52 

E. 

1 

21 
3,i 

iNutflpld,     England 
[    (hlueiartb), 

(Nutflpld.     E  Inland 
\    (yellow  e.irtfil. 

land  (ypllow  earth  1, 
Wohum  sands,  Eng- 

D. 

n. 

1,  Inst  Mln,  Eng..  voL  27, 


D=  Eighteenth  Ann.  Rept,  U,  S,  Oi 


E-mef,  n..  taOet 


a.  Rept,  U,  S,  Geol,  Snrvey,  pt,  S,  eontlnued,  1897,  pp.  13S1-1360, 

's  eartli  of  South  Dakota^  Trans,  Am,  Inst,  Uln.  Eng,,  vol,  27, 1898,  pp,  333-33fi, 

TESTS  BEARING  ON  THE  NATURE  OF  FULLER'S  EARTH. 
ANALYSES. 

The  anaJyses  made  in  the  course  of  this  investigation  have  for  con- 
venience been  grouped  together  and  will  be  found  in  Table  3.  A  few 
results  have  been  calculated  or  estimated,  and  the  figures  so  derived 
are  marked  with  a  small  c.  The  analyses  were  made  by  the  customary 
methods,  which  hardly  need  explanation.  All  results  were  calculated 
to  a  dry  basis.  CO,  was  determined  gravimetric  ally.  Combined 
water  is  ignition  minus  CO,,  and  possibly  includes  a  little  organic 
carbonaceous  matter. 

oCustunun,  A. S,,Ejrcc[o(  water  on  rock  powders;  BuH,  But. C\wmlstr),\5-?>,'0«B'^-^W-.^'^'*'->'^'** 
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Table  S.^Analysct  qfJvlUr't  earih.  clay,  onrf  pipe  day. 


AliO).' F(40t.   CaO.    MgOj  COt    IliO.   P,Os.  Ton 


,.                                    U..1  HOlublB 

iii'SSo;" 

uid  solubiein" 

SoluIil«inN 

Klnwr^  Amend  Ml 
Original  Mirth . . 


ntreted  IICl. . 

lUDluble  ill  HiSOi 

IniolubiB  in  ITiSOi  and  NaUH. . . 
Clay:!* 


PER  CKNT  OF  ORIGINAL  E 


iin'jXwUCl'andwlublB' 

48. 

'.'".™""."'.»°"' 

|:'",'rh^^'i""'!,,ftS?hie'in' 

InsolubK 
NttOH 


Insoluble  In  ll^O,  nnd  NaOH... 

SolHlilo  iu  NaOH 

imtir  &  Amend  fuUer'a  earth:  ' 
Original  earth.. 


insoluble  In  HiSoi^ 
Soluble  la  Nb/'O... 


......^ -hicago,  111. 

'Sample  from  Eimeri  Amend,  New  York,  N.  1 
liitesiduftlllmeatOQBolftylromStaaiilnn.V*- 
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PHYSICAL   TESTS. 

Plasticity  is  defined  as  that  property  which  permits  clay  to  be 
molded  in  any  desired  form  when  wet,  the  shape  being  retained  when 
dry.°  F.  F.  Grout ^  says  that  ^'Plasticity  may  be  considered  as 
involving  two  variable  factors — (1)  amount  of  possible  flow  before 
rupture;  (2)  resistance  to  flow  or  deformation/' 

According  to  either  of  these  definitions  the  four  samples  of  fuller's 
earth  which  I  have  tested  are  most  decidedly  plastic,  in  spite  of  the 
fact  that  nonplasticity  is  given  as  one  of  the  distinguishing  qualities 
of  this  material  by  almost  every  writer  on  the  subject. 

In  making  these  tests  small  pats  of  wet  earth  were  allowed  to  air 
dry,  and  portions  were  heated  to  redness  to  note  their  behavior.  It 
was  found  that  the  fuller's  earths  require  much  water  to  bring  them 
to  the  plastic  state,  apparently  more  than  the  kaolin,  although  the 
quantity  used  was  not  measured.  The  fuller's  earth  also  formed  a 
much  more  sticky  mass  than  the  other  materials  tried,  and  had  a 
more  soapy  or  greasy  feel.  Table  4  gives  the  results  of  these  tests  in 
convenient  form. 


Table 

4.' — Physical  properties  of  fuller^  s  earths. 

etc. 

Material. 

Relative 
amount  of  wa- 
ter to  bring  to 
plastic  state. 

Plasticity. 

Coherence 
when  dry. 

Strength  when  '.Mimed. 

Owl  fuller's  earth  «". 

Most 

Very  great . . . 
do 

Very  strong. . 
do 

Very  hard  and  strong. 
Do. 

Fairbank  fuller's  earth  b 

do 

Elmer    <&    Amend    fuller's 

do 

Much 

do 

do 

do 

Do. 

Do. 
Do. 

earth,  c 
Queen  fuller's  earth  d 

do 

do 

Kaolin  « 

do 

do 

Iron  ore 

Least 

Least 

Much  less 

Very  soft 

Fairbank  fuller's  earth  in- 

Less 

I^ess 

Did   not   crumble,    but 

soluble  in  HjSO^. 

very  soft. 

a  Sample  from  Owl  Cigar  Co.,  Quincy,  Fla. 
6  Sample  from  N.  K.  Fairbank  Co.,  Chicago,  111. 
c  Sample  from  Elmer  &  Amend,  New  York,  N.  Y. 
d  Sample  from  Queen  &  Co.,  Philadelphia,  Pa. 
<  Pure  china  clay  from  Augusta  County,  Va. 


OIL    TESTS. 

In  making  the  oil  tests  50  c.  c.  of  cotton-seed  oil  were  introduced 
into  a  stout  comparison  tube  of  about  120  c.  c.  capacity.  This  was 
then  placed  in  an  oil  bath  and  heated  to  a  temperature  of  220°  F.; 
2.5  grams  of  the  earth  to  be  tested  were  then  poured  into  the  lube, 
which  was  at  once  removed  from  the  oil  bath,  closed  with  a  rubber 
stopper,  and  shaken  for  five  minutes.  At  the  end  of  this  time  the 
contents  were  poured  into  a  creased  filter  in  a  hot-water  funnel,  and 
the  filtered  oil  was  received  in  a  tube  protected  from  the  light  by  a 
cardboard  case.     This  protection  was  found  necessary  because  certain 

oEies,  H.,  Clays  and  clay  Industries  of  New  Jersey:  Final  Repts.  Now  Jersey  Geol.  Survey,  vol.  C, 
1904,  p.  81. 
^Clays,  Limes,  and  Cements,  West  Virginia  Geol.  Survey ,  l^Wo,  \>.  A\. 
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oil  samples  bleached  out  very  rapidly  after  treatment  if  exposed  to 
light,  and  the  amount  of  bleaching  varied  in  different  samples.  The 
method  of  comparison  adopted  was  as  follows:  Twenty-one  samples 
of  oil  were  selected  which  had  stood  in  the  light  long  enough  to  have 
reached  a  condition  of  stability,  and  which  showed  a  progressive 
range  of  color  from  the  lightest  to  the  darkest  oil  on  hand.  These 
samples  were  contained  in  glass  vials  of  uniform  size,  were  kept  in  a 
dark  box,  and  were  numbered  from  1  to  21,  No.  1  being  Fairbank's 
standard  white  oil,  which  had  stood  in  the  light  several  years  and  No. 
21  Fairbank^s  crude  yellow  oil,  kept  in  the  dark  so  that  it  had  not  lost 
any  of  its  depth  of  color.  The  samples  tested  were  then  placed  in 
similar  vials,  compared  with  the  standards  against  a  sheet  of  white 
paper,  and  the  number  of  the  standard  most  nearly  agreeing  with  it 
in  shade  was  taken  as  its  color  value.  This  comparison  was  always 
made  immediately  after  filtration,  before  the  oil  had  been  exposed  to 
light.  After  standing  over  night  in  the  dark  the  sample  was  com- 
pared again,  and  a  third  time  after  standing  in  the  light  for  two 
weeks.  This  method  of  comparison  proved  very  satisfactory,  and 
there  was  no  evidence  of  any  change  in  the  standards  on  keeping. 
The  only  weakness  of  the  method  lies  in  the  fact  that  the  members  of 
the  color  series  do  not  vary  uniformly  in  the  amount  of  color  con- 
tained, and  hence  these  comparisons  can  give  no  information  as  to 
the  absolute  percentage  of  color  removed. 

The  results  of  the  oil  tests  are  grouped  in  Table  5,  which  does  not 
include,  however,  a  number  of  the  first  tests  that  were  considered 
unreliable.  It  should  be  noted  that  standards  Nos.  19,  20,  and  21  are 
all  crude  yellow  oils  untreated,  and  that  no  bleaching  action  is  indi- 
cated with  any  certainty  unless  the  color  of  the  treated  sample  falls 
to  18  or  less. 

Table  b.^— Results  of  ail  tests  of  fuller^  s  earth  and  other  materials. 


No. 


1 
2 
3 
4 

5 
6 

7 
8 


Color  value  of  oil.  . 


Material.o 


fuller's  earth. 
Untreated: 

Owl 

Fairbank 

Eimer  &  Amend 

Earth  from  Quincy,  Fla 

Dried: 

Eimer  &  Amend,  dried  at  140°  C 

Fairbank,  ignited  at  red  heat  for  IJ  hours 
Extracted  with  hot  dilute  HCl  (1:2): 

Owl ^ - 

Fairbank 


2 
3 
2 
3 

2 

2 

a  Fuller's  earths:  Owl,  from  Owl  Cigar  Co.,  Quincy,  Fla.;  Fairbank,  earth  at  present  used  by  N.  K. 
Fairbank  Co.,  Chicago,  111.,  received  in  June,  1906;  Eimer  &  Amend,  from  Eimer  &  Amend,  New  York, 
N.  Y.  Pipe  clay  (sample  from  Eimer  &  Amend),  nearly  pure  kaolinite,  as  shown  by  the  rational  analy- 
sis—kaolin, 91.51;  orthoclase,  7.61;  quartz,  0.88— which  is  calculated  from  the  analysis  given  in  Table  3. 
Clay,  a  residual  limestone  clay  from  a  bank  in  Staunton,  Va.  Analyses  of  most  of  these  materials  will 
be  found  in  Table  3  (p.  272). 


Imme- 

After 

diately 

standing 

after  fil- 

12 hours 

tration. 

in  dark. 

12 

12 

12 

12 

13 

12 

13 

13 

12 

12 

19 

19 

13 

12 

11 

11 

After  . 
standing 
2  weeks  in 
light. 
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Table  5. — Results  of  oU  tests  of  fuller^  s  earth  and  other  materials — Continued. 


No. 


9 
10 

11 


12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 

23 
24 
25 

26 
27 
28 


29 
30 
31 
32 


33 
34 
35 
36 
37 
38 
39 


40 
41 
42 
43 
44 
45 
46 
47 


48 

49 
50 


51 
52 
53 
54 
55 
56 
57 
58 
59 


Material. 


FULLER'S  EARTH— continued. 

Extracted  with  concentrated  HCl: 

Owl 

Fairbank 

Elmer  &  Amend 

Decomposed  with  concentrated  HsSO^: 

Owl,  heated  6  davs 

Fairbank,  heated  6  days 

Elmer  <&  Amend,  heated 

Do 

Do 

Extracted  with  alkalies: 

Fairbank,  extracted  with  5  per  cent  NaOH 

Fairbank,  extracted  with  5  per  cent  NaOH,  rewashed 

Fairbank,  extracted  with  5  per  cent  NaOH,  fine  part 

Fairbank,  extracted  with  JNasCOs,  half-saturated 

Eimer  &  Amend,  extracted  with  5  per  cent  NaOH 

Eimer,  extracted  with  concentrated  NasCOs 

Extracted  with  acids  and  alkalies: 

Owl,  extracted  with  dilute  HCI  and  NaOH 

Fairbank,  extracted  with  dilute  HCl  and  NaOH 

Eimer  &  Amend,  extracted  with  HsS04  and  NaiCOs 

Miscellaneous  treatments: 

Fairbank,  extracted  with  NH4OH  and  dried  at  130°  C 

Fairbank,  exposed  to  NHj  gas  for  24  hours 

Fairbank,  saturated  with  alum  solution  and  dried 

PIPE  CLAY. 

Untreated 

Dried 

Decomposed  with  HsSO^ 

Ground  to  }  gr 

CLAYS. 

Settlings  or  sandy  part 

Fine  part 

Decomposed  with  HsSO^ 

Extracted  with  NasCOs 

With  1  per  cent  HCl  and  just  enough  NH^OH  to  neutralize. 

Exposed  to  NHj 

With  4  per  cent  boiled  starch 

ARTIFICIAL  ALUMINAS. 

Precipitated  with  NH^OH  and  dried  at  150°  C 

Precipitated  with  NH4OH  and  washed  In  alcohol  and  ether 

No.  46  rebolled  and  dried  at  120°  C 

Boiled  30  hours  and  dried  at  130°  C 

No.  42  only  partially  dried 

Ignited 

Precipitated  with  75  per  cent  powdered  glass 

Precipitated  from  KOH  solution  by  COj 

ARTIFICIAL  SIUCAS. 

Precipitated  from  NasSiOs,  washed  in  alcohol  and  ether,  and  air 

dried 

Precipitated  and  ignited 

From  decomposition  of  NaiSiOs  by  HiSO* 

OTHER  SUBSTANCES. 

Limestone,  100-mesh 

Siliceous  Iron  ore 

Emery  flour 

Powdered  glass 

Bone  ash 

Carbo  leached  with  1  per  cent  HCl 

Calcium  phosphate  precipitated 

Aluminum  phosphate  precipitated 

Ferric  hydrate  precipitated 


Color  value  of  oil. 


Imme- 
diately 
after  fil- 
tration. 


16 

12 

5 


16 
14 
15 
16 
13 

19 
18 
18 
15 
15 
10 

19 

16^ 

17 

17 
18 
15 


19 
17 
16 
18 


15 

14 

17 

14 

14 

18^ 

14 


18 
18 
16 
18 
21 
19 
18 
18^ 


18 
20 
21 


19 
18 
21 
21 
21 
15 
20 
19 
20 


After 
standing 
12  hours 
In  dark. 


14 
15 


16 
10 


26 


16 


15 
14 


14 

18^ 

14 


18 
18 
16 


18 


21 
21 
21 


20 
19 
20 


After 

standing 

2  weeks  In 

light. 


14 
2 
Less  than 
1. 


7 
13 
12 

3 

m 

17 
16 
12 
14 
2 

18^ 

15 

15 

15 

17 
8 


16 
14 

16 


11 
3 

15 
3 
6 

18 
3 


16 
16 
15 
17 
20 
17 
17 
18 


16 

18 


14 
16 
20 
20 
20 
10 
19 
18 
17 
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NATURE  OF  FULLER'S  EARTH. 


THEORIES   OF   OTHER    WRITERS. 

Almost  as  many  suggestions  have  been  advanced  concerning  the 
nature  of  fuller's  earth  as  there  are  writers  on  the  subject,  but 
apparently  none  of  them  are  based  on  anything  more  than  an  inspec- 
tion of  the  ultimate  analyses.  I  will  now  take  up  these  theories  and 
study  them  in  the  light  of  my  experiments. 

Dana**  states  that  fuller^ s  earth  has  for  its  base  the  mineral  smec- 
tite, and  possibly  also  malthacite.  Although  it  is  not  so  stated  in 
the  passage  quoted,  the  inference  is  that  he  considers  these  minerals 
the  cause  of  the  bleaching  power.  In  order  to  test  the  truth  of  this 
theory  it  is  necessary  to  have  at  hand  formulae  of  smectite  and  mal- 
thacite, and  these  I  have  calculated  as  here  described.  Dana  (as 
quoted  by  Ries^)  gives  the  following  analyses  of  impure  minerals: 

Analyses  of  smectite  and  malthacite. 


^ 

SiOj. 

AijOa. 

HjO. 

FejOi. 

CaO. 

MgO. 

Smectite 

51.21 
50.17 

12.23 
10.66 

27.89 
35.83 

2.07 
3.15 

2.13 
.25 

4.89 

Malthacite 

I  have  considered  the  iron,  lime,  and  magnesia  as  impurities,  and 
have  recalculated  the  analysis  on  the  basis  of  silica,  alumina,  and 
water  =  100.     The  result  is  as  follows: 

Recalculated  analyses  of  smectite  and  mahhadie. 


• 

SiOi. 

AltOs. 

HsO. 

Smectite 

56.0 

13.5 
11.0 

30.5 

Malthacite 

51.9 

37.1 

The  formulae  corresponding  most  nearly  to  these  figures  are  for 
smectite  Al203.7Si02.12H20,  and  for  malthacite  AljOg.TSiOa.ieHgO, 
and  the  percentage  composition  for  these  formulae  should  be  the 
following : 

Composition  corresponding  to  formulae  for  smectite  and  malthcuyite. 


SiOs. 

AlfO^ 

HsO. 

Smectite 

57.06 
52.18 

13.78 
12.40 

29.16 

Malthacite 

35.42 

These  figures  are  used  in  all  calculations  and  in  the  table  of  minerals 
(p.  270). 


oQuoted in  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey, p\..^,eoivWTv>\^,\^^»^* 876. 
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To  return  now  to  Dana's  theory  of  fuller's  earth,  it  is  evident  that 
it  will  not  stand  since  the  discovery  of  American  deposits  havin«:  a 
comparatively  low  percentage  of  combined  water.  Such  earths  could 
not  possibly  have  as  their  base  either  smectite  or  malthacite,  although 
they  might  contain  very  small  quantities  of  these  minerals.  For 
example,  take  analysis  18  of  Table  2  (p.  271),  representing  a  sample  of 
earth  from  Fairbum,  S.  Dak.  Calculating  the  water  in  this  entirely  to 
smectite  gives  28.1  per  cent  smectite,  requiring  16  per  cent  silica  and 
3.8  per  cent  alumina,  and  leaving  a  large  balance  of  silica  and  alumina, 
as  well  as  impurities,  to  be  calculated  to  anhydrous  minerals. 

Again,  my  analyses  of  Fairbank  arid  Owl  fuller's  earths  (Table  3, 
p.  272)  show  that  it  is  utterly  impossible  for  these  earths  to  contain 
even  moderate  amounts  of  smectite  or  malthacite,  in  view  of  the  small 
quantities  of  quartz  and  undecomposible  anhydrous  silicates  sho^^Ti. 
This  point  is  very  clearly  brought  out  when  the  calculation  of  a 
rational  composition  is  attempted.  Another  point  which  argues 
against  the  presence  of  smectite  and  malthacite  in  American  fuller's 
earths  is  the  fact  that  these  earths  retain  much  and  in  some  cases  all 
of  their  efficiency  after  treatment  with  strong  acids.  Although  I  have 
not  been  able  to  find  any  statement  that  smectite  and  malthacite  are 
decomposed  by  sulphuric  acid,  still  it  is  very  probable  that  they  are 
so  attacked,  owing  to  their  large  percentage  of  combined  water. 

It  is  interesting  to  note  in  passing  that  an  inspection  of  the  table  of 
minerals  shows  that  where  determined  the  ease  of  decomposition  by 
acids  of  the  hydrous  aluminum  silicates  is  probably  a  direct  function 
of  the  percentage  of  alumina  and  combined  water,  the  water  probably 
having  the  greater  effect. 

Although  it  may  be  regarded  as  settled  that  smectite  and  maltha- 
cite are  not  contained  to  any  extent  in  most  American  fuller's  earths, 
and  hence  are  not  essential  to  the  bleaching  power,  still  it  is  probably 
true  that  smectite  forms  the  basis  of  many  foreign  earths.  It  is  of 
course  impossible  to  calculate  rational  composition  with  any  ceitainty 
from  ultimate  analysis  alone.  However,  the  following  composition 
has  been  calculated  from  analysis  24  of  Table  2  (p.  271),  principally 
to  show  the  possibility  that  this  earth  contains  smectite  as  a  base : 

Rational  analysis  of  fuller^  s  earth  from  Reigate,  England. 
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Ries  ^  states  that  fuller's  earth  probably  contains  much  hydrous 
silica,  the  inference  being  that  it  is  this  constituent  which  gives  it  its 
distinctive  qualities.  A  somewhat  similar  inference  is  perhaps  to  be 
drawn  from  the  following  quotation,  referring  to  the  Florida  and 
Georgia  earths:^ 

This  leads  to  the  hypothesis  that  this  earth  probably  originated  in  ordinary  clay, 
which  has  received  from  interfiltering  solutions  an  additional  supply  of  silicic  acid, 
which  sometimes  combined  with  the  clay  and  occasionally  was  deposited  as  chert. 

My  analyses  have  confirmed  Ries's  statement  that  fuller's  earth 
contains  appreciable  amounts  of  hydrous  silica.  (See  Table  3,  p.  272.) 
However,  it  is  evident  that  if  the  bleaching  power  of  fuller's  earth  is 
due  to  this  hydrous  silica,  treatment  of  the  earth  with  boiling  carbon- 
ate or  hydrate  of  soda,  which  removes  the  silica,  should  destroy  this 
bleaching  power.  I  have  tried  this  experiment  on  several  earths,  and 
the  result  will  be  found  in  Table  5  (p.  275).  It  will  be  seen  at  once  that 
although  the  results  are  not  entirely  concordant,  yet  there  can  be  no 
doubt  that  fuller's  earth  retains  at  least  a  part  of  its  efficiency  after 
treatment  by  alkalies.  It  is  also  plain  that  carbonate  of  soda  has  a 
much  less  harmful  action  on  the  earth  than  the  hydrate.  As  Fre- 
senius  and  other  authorities  state  that  hydrous  and  amorphous  silica 
are  freely  soluble  in  hot  carbonate  of  soda,  as  well  as  in  sodium 
hydrate,  this  difference  can  hardly  be  due  to  nonsohition  of  the  silica 
b}^  the  carbonate,  but  is  almost  entirely  due  to  partial  decomposition 
of  the  earth  by  sodium  hydrate.  In  this  connection,  I  have  noticed 
that  sodium  hydrate  appe'ars  to  extract  considerable  alumina  as  well 
as  silica,  but  the  carbonate  does  not.  Fuller's  earth  after  treatment 
with  sodium  hydrate  is  left  in  a  verj^  gelatinous  condition  and  is 
extremely  hard  to  filter  and  wash.  For  this  reason  it  is  possible  that 
some  of  the  samples  treated  retained  considerable  amounts  of  soluble 
salts  after  washing,  although  great  pains  were  taken  to  remove  them, 
and  this  may  have  had  some  influence  on  the  results. 

Another  fact  which  might  be  used  as  an  argument  against  this 
theory  is  that  hydrous  silica  artificially  prepared  has  but  very  slight 
bleaching  powers.  (See  Table  5.)  '  These  results  are  naturally  not 
conclusive,  as  the  silicic  acid  occurring  naturally  may  differ  either 
physically  or  chemically,  or  both,  from  the  artificial  product. 

On  the  other  hand,  some  earths  still  retain  a  considerable  portion 
of  their  bleaching  power  after  decomposition  by  acids,  consisting 
then  of  80  per  cent  or  more  of  silica;  and  from  this  it  seems  probable 
that  hydrous  silica  when  prepared  in  certain  ways  may  have  some 
small  efficiency. 

In  conclusion,  I  think  I  am  justified  in  stating,  first,  that  hydrous 
silica  does  not  of  itself  possess  bleaching  power,  although  it  may  at 

a  Ries,  11.,  Fuller's  earth  of  South  Dakota:  Trans.  Am.  Inst.  Min.  Eng.,  vol.  27, 1898,  p.  333. 
^Twenty-tirst  Ann.  Rept.  U.  S.  Geol.  Survey, pt.  6,coiiUiiued,  1^1, p.  591. 
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times  possess  some  efficiency  as  a  result  of  existing  in  a  certain 
physical  condition;  and,  second,  that  it  is  certain  that  fuUer^s  earth 
can  not  owe  more  than  a  small  part  of  its  peculiar  prop>erties  to  the 
presence  of  free  silicic  acid. 

Sloan**  makes  the  following  suggestion  concerning  the  mode  of 
action  of  fuller's  earth: 

Fuller's  earth  is  now  extensively  employed  in  the  bleaching  of  mineral,  animal,  and 
vegetable  oils  and  fats.  The  alleged  chemical  bleaching  in  the  process  is  highly  ques- 
tionable; its  action  more  properly  involves  mechanical  entanglement  of  the  suspended 
coloring  matter  by  the  contained  clay  substance.  *  *  *  It  is  observed  that  where 
the  alumina  exceeds  one-fifth  of  the  amount  of  silica  present  the  critical  point  is 
approximated  beyond  which  an  increase  in  the  densely  bedding  aluminous  matter 
prejudices  filtration.     The  silica  therefore  serves  to  maintain  the  required  porosity. 

Sloan  has  here  come  very  near  to  hitting  the  mark.  He  has  evi- 
dently the  right  idea  in  mind,  but  has  not  gone  deeply  enough  into 
the  subject  to  state  it  in  detail  with  clearness.  The  propriety  of 
these  remarks  will  become  more  clearly  apparent  later  in  this  discus- 
sion; for  the  present  I  will  only  remark  that  it  is  important  that 
the  term  ^'clay  substance"  be  taken  in  its  more  general  significance 
and  not  as  synonymous  with  kaoUn.  Also,  I  must  take  exception  to 
the  impUed  statement  that  the  bleaching  power  is  dependent  on  and 
proportional  to  the  alumina  in  the  earth,  as  I  have  found  that  up  to 
a  certain  point  removal  of  the  alumina  is  actually  beneficial  to  the 
efficiency  of  the  earth.     (See  results  8,  10,  and  11,  Table  5.) 

I  see  no  other  suggestions  as  to  the  mode  of  action  of  fuller's  earth 
proposed  in  any  of  the  literature,  but  it  is  possible  that  some  may 
consider  extreme  fineness  of  grain  an  explanation,  and  it  may  be 
worth  while  to  combat  this  idea.  Wheeler,  I  believe,  has  shown  that 
most  clays  (and  other  minerals?)  have  some  slight  bleaching  power, 
if  very  finely  powdered,  but  no  one  has  been  able  to  procure  any 
appreciable  efficiency  by  such  means.  The  few  experiments  I  have 
made  have  given  practically  negative  results,  and,  as  shown  later, 
any  very  sUght  increase  in  efficiency  can  be  readily  explained. 
Finally,  it  can  be  easily  seen  that  it  would  be  very  difficult  to  explain 
the  peculiar  effects  of  acid  on  fuller's  earth  on  the  assumption  that 
its  bleaching  action  is  due  primarily  to  fineness. 

In  concluding  this  division  the  following  quotation^  seems  of  inter- 
est. The  authors  are  chemists  of  the  United  States  Internal-Revenue 
Office  and  undoubtedly  have  excellent  facilities  for  consulting  chem- 
ical literature. 

The  color-absorbing  power  of  fuller's  earth  is  a  most  interesting  subject  which  do^s 
not  appear  to  have  been  investigated  to  any  extent.  Whether  it  is  due  to  chemical 
or  physical  action,  and  the  connection,  if  any,  between  the  composition  of  the  earth 


o  Sloan,  Earle,  Preliminary  Report  on  Clays  of  South  Carolina,  South  Carolina  Geoi.  Survey,  1904, 
pp.  50-61. 

6  Crampton,  C.  A.,  and  Simons,  F.  D.,  Detection  of  caramel  in.  spmta  a.wOk.Nvcv^'SA.'f-  ^^^vt   K.w\.vi\v«kv. 
Sec.,  vol.  21,  1889,  p.  355. 
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(which  seems  to  be  anything  but  uniform)  and  its  effect  upon  various  coloring  matters 
should  receive  attention  and  would  doubtless  yield  interesting  and  valuable  results 
to  investigation.  If  any  work  has  been  done  along  this  line,  no  results  have  been 
published,  as  the  journals  make  little  or  no  mention  even  of  the  fact  that  fuller's 
earth  possesses  such  properties. 

COLLOIDS    AND    PECTOID8. 

A  colloid  IS  defined  "  as  referring  generally — 

to  those  bodies  which  pass  into  solution  in  water,  but  which  will  not  while  in  solution 
pass  through  a  parchment  diaphragm,  as  substances  in  true  molecular  solution  always 
will  do.  The  word  hydrogel  given  by  Graham  is  used  to  refer  to  the  jellied  colloids 
as  they  originally  coagulate  from  the  hydrosols.  *  *  *  Ostwald  says:  "Colloidal 
substances  exist  in  two  modifications — the  soluble  and  the  coagulated  or  *  pectinized. ' " 
We  need  another  word  to  express  this  latter  condition,  and  the  word  pectoid  is  truer 
to  the  Greek  root  (TtT^xro^)  than  pectinized. 

A  little  later  on  I  shall  endeavor  to  show  that  the  pecuUar  proj>- 
erties  of  fuller's  earth  are  probably  due  to  the  presence  of  a  group  of 
aluminum  hydrosilicates  existing  in  the  form  of  pectoids,  as  above 
defined,  and  with  this  object  in  view  I  will  now  give  a  short  digest 
of  the  present  knowledge  of  colloidal  substances  as  far  as  I  have  been 
able  to  find  it  in  the  Uterature  at  my  command. 

Colloids  and  also  pectoids  exist  among  both  organic  and  inorganic 
substances,  ferric  and  aluminum  hydroxides  being  familiar  exam- 
ples of  the  latter.  With  regard  to  the  existence  of  these  substances 
in  the  mineral  world,  the  following  reierences  have  been  found: 

Ladd, ^  quoting  Le  Chatelier,  says: 

It  may  be  said  to  be  well  established  that  there  are  various  hydrosilicates  of  alu- 
minum which  differ  in  proportion,  form,  and  structure,  some  being  colloidal  amor- 
phous, and  some  crystalline. 

Comey ""  speaks  of  halloysite  as  a  colloidal  clay. 

Ries''  found  colloidal  particles  in  some  clays,  and  advanced  the 
theory  that  plasticity  was  largely  due  to  them. 

Grimsley  ^  speaks  of  the  colloidal  theory  as  explaining  the  plasticity 
of  clays,  and  notes  that  most  clays  contain  from  1  to  5  per  cent  of 
grains  which  will  take  stain  from  methylene  blue,  gentian  violet, 
eosin,  or  fuchsine.  He  found  that  the  addition  of  0.08  per  cent  of 
agar-agar  increased  the  plasticity  of  clay  very  markedly,  also  that  the 
addition  of  precipitated  alumina  if  used  without  filtering  or  drying 

a  Cushman,  A.  S.,  Effect  of  water  on  rock  powders:  Bull.  Bur.  Chemistry,  U.  S.  D^t.  Agr.,  No.  92, 
1905,  p.  12. 

b  Ladd,  0.  E.,  Preliminary  report  on  a  part  of  the  clays  of  Georgia:  Bull.  Georgia  Geol.  Survey  No. 
6A,  1898,  p.  15. 

c  Comey,  A.  M.,  Dictionary  of  Solubilities,  1896,  p.  361. 

d  Ries,  II.,  Clays  and  clay  industries  of  New  Jersey:  Final  Repts.  New  Jersey  Geol.  Survey,  vol.  f., 
1904,  p.  83. 

e  Grimsley,  G.  P.,  Clays  of  West  Virginia:  West  Virginia  Geol.  Survey,  1906,  pp.  37, 46. 
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had  the  same  effect,  but  if  air  dried,  no  such  increase  was  noted.  He 
remarks  that  a  colloid  which  will  soften  in  water  after  drying  is  needed. 

Wiley**  speaks  of  a  colloidal  constituent  of  the  clay,  designating  by 
that  term  that  portion  of  the  clay  which  remains  suspended  almost 
indefinitely  in  pure  water.  He  states  that  it  is  precipitated  by  brine, 
forming  a  gelatinous  mass  Uke  the  mixed  hydrates  of  iron  and  alumina. 

Cushman*  finds  that  ''the  action  of  water  on  many  rock  powders 
results  in  the  formation  of  colloid  films  on  the  surface  of  the  particles,^ ^ 
and  expresses  the  opinion  that  the  binding  power  of  rock  dust,  clays, 
and  soils  is  due  to  the  formation  and  presence  of  these  films  on  the  sur- 
face of  crystalline  or  amorphous  granules. 

It  will  be  noted  from  these  extracts  that  the  word  colloid  is  very 
loosely  employed  by  various  writers,  many  of  them  using  it  where 
hydrogel  or  pectoid  would  be  more  correct,  while  some  seem  to  con- 
sider it  as  synonymous  with  amorphous. 

Colloids,  or  more  properly  pectoids,  possess  the  property  of  being 
readily  stained  by  most  organic  coloring  matters  and  of  holding  this 
color  in  an  insoluble  form.  A  f amiUar  example  is  the  use  of  alumina 
as  a  mordant  in  cotton  printing,  and  Cushman^  states  that  orthoclase 
powder  which  has  been  wet  ground  to  develop  the  pectoidal  films  takes 
up  a  brown  stain  from  the  Canada  balsam  used  in  mounting  it  for 
microscopic  examination.  On  the  other  hand,  it  is  well  known  that 
certain  amorphous  substances,  not  pectoids,  also  possess  this  prop- 
erty— ^for  example,  charcoal  and  boneblack.  Grimsley**  states  that 
''fresh  gelatinized  silicic  acid  will  easily  stain;  air-dried  siUcic-acid 
jelly  will  take  a  stain  with  equal  readiness.''  From  his  further  remark 
that  the  addition  of  the  air-dried  jelly  injures  the  plasticity  of  clay,  I 
infer  that  this  siUcic  acid  had  passed  from  the  pectoid  to  the  amor- 
phous state.  Samples  of  precipitated  silica  which  I  prepared  acted  in 
this  way  when  dried  in  air  or  by  washing  with  alcohol  and  ether. 

Soils  and  clays  have  long  been  known  to  possess  the  proj)orty  of 
absorbing  certain  materials,  both  gaseous  and  liquid.  Wiloy**  quotes 
many  experimenters  on  this  subject  and  from  his  work  the  foUi>\vinjj 
notes  are  taken.  Clay  exhibits  a  selective  absorption  of  ooruin 
salts,  holding  the  basic  ions  and  rejecting  the  acidic  ions.  \Y«iy 
succeeded  in  producing  an  artificial  hydrated  silica (o  |Hvss!^\>isin>;: 
absorptive  powers.  Eichhom  found  that  natural  hydnUtnl  silioat^v^  or 
zeolites  acted  in  a  similar  manner,  and  others  huvo  sh\^\vn  tlmt  I  ho 
absorptive  power  bears  a  close  relation  to  the  aniouiU  of  solublo  sili- 
cates present. 

a  WO^,  H.  W.,  Agricultural  Analysis,  vol.  1,  Soll»,  1H04.  p.  IKU. 

b  CiMhimn,  A.  8.,  Effect  of  water  on  rock  powders:  Huh.  Hnr.  riit^uiUtr.N.  \    S.  hopt.  Agr.,  No.  92 
1905,  p.  12. 
e  Op.  cit.,  p.  13. 

d  Gifma^f,  G.  P.,  Clays  of  West  Virginia:  West  Vlrnlnltt  (JwO.  S»rv*»> .  l\Mi.  \*.  49. 
«  Wiley,  H.  W.,  Agricultural  Analysis,  vol.  1.  Soils,  IM()4,  p.  lis. 
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Cushman"  says: 

Linder  and  Picton  have  shown  that  when  a  coagulated  colloidal  precipitate  is  formed 
in  the  presence  of  an  electrolyte,  a  portion  of  the  basic  ions  of  the  electrolyte  is  ab- 
sorbed by  or  adsorbed  on  the  pectoid  matter  in  the  form  of  hydroxide,  while  the  acid 
ions  remain  free  in  solution.  Many  other  investigators  have  checked  this  astonishing 
and  interesting  fact.  *  *  *  This  absorptive  power  is  in  no  sense  of  the  word  due  to 
chemical  combination,  but  seems  to  depend  upon  the  fine  submicroecopic  porosity  of 
the  pectoid. 

It  can  be  seen  that  as  a  result  of  this  power  of  pectoids,  it  is  in  gen- 
eral impossible  to  wash  a  preparation  of  this  character  entirely  free 
from  the  salts  with  which  it  is  formed.  Linebarger^  found  it  impossi- 
ble to  remove  all  the  chlorine  from  colloidal  ferric  hydrate  prepared 
from  ferric  chloride  by  dialysis. 

Colloids  and  pectoids  are  destroyed  by  heat,  in  some  cases  prob- 
ably by  drying.  Data  on  these  points  seem  to  be  sadly  lacking,  and 
there  is  also  lacking  a  closely  drawn  distinction  between  pectoids 
and  those  bodies  which  are  amorphous  without  being  colloidal  in 
their  nature.  However,  as  a  certain  amount  of  water  is  essential  to 
the  colloidal  state,  heating  to  a  point  at  which  the  combined  water 
is  driven  off  must  in  all  cases  destroy  this  state.  Further,  it  is  prob- 
ably true  that  a  substance  is  colloidal  as  long  as  it  retains  its  power 
of  jellying  with  water  either  throughout  or  on  the  surface  only. 
That  some  pectoids,  at  least,  retain  their  characteristic  properties 
after  drying  is  shown  by  Cushman's  experiments,  but  it  is  probable 
that  the  colloidal  nature  of  alumina  and  silicic  acid  is  largely  destroyed 
by  drying  and  is  not  capable  of  restoration  by  subsequent  digestion 
with  water.  Whether  an  oil  could  take  the  place  of  water  in  pro- 
moting the  colloidal  state  in  mineral  substances  is  an  open  question, 
but  it  is  certain  that  organic  colloids  exist  in  oils,  and  it  does  not 
seem  impossible  that  some  mineral  colloids  may  also. 

Jones  ^  states  that  colloids  diffuse  very  slowly  as  compared  with 
crystalloids.  As  diffusion  is  due  to  osmotic  pressure,  this  means 
that  the  osmotic  pressure  of  substances  in  colloidal  solution  is  very 
low.  What  bearing  this  interesting  fact  may  have  on  the  absorptive 
powers  of  colloids,  I  can  not  at  present  state,  but  it  seems  Hkely  that 
they  may  be  in  some  way  connected. 

A    NEW   THEORY. 

The  theory  which  I  have  devised  to  explain  the  peculiar  properties 
of  fuller's  earth  may  be  stated  as  follows: 

1.  Fuller^s  earth  has  for  its  base  a  series  of  hydrous  aluminum 
silicates. 


a  Cushman,  A.  S.,  Kffect  of  water  on  rock  powders:  Bull.  Bur.  Chemistry,  Xj.  S.  Dept.  Agr.,  No.  9C, 
10a'>,  p.  15. 

b  Linebarger,  (-.  E.,  On  the  rate  of  difTusion  of  colloids:  Jour.  Am.  Chera.  Soc,  vol.  20,  1898,  p.  376. 

c  Cushman,  A.  S..  EfTect  of  water  on  rock  powders:  Bull.  Bur.  Chemistry,  U.  8.  Dept.  Agr.,  No.  92, 
1905,  p.  251. 
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2.  These  silicates  differ  in  chemical  composition. 

3.  They  are,  however,  similar  in  that  they  all  possess  an  amorphous 
colloidal  structure. 

4.  The  colloidal  structure  is  of  a  rather  persistent  form  and  is  not 
lost  on  drying  at  a  temperature  of  130°  C,  or  possibly  higher. 

5.  These  colloidal  silicates  possess  the  power  of  absorbing  and  retain- 
ing organic  coloring  matter,  thus  bleaching  oils  and  fats. 

I  have  used  the  word  colloidal  in  this  statement  in  its  broadest 
sense — to  cover  the  whole  range  of  conditions  expressed  by  the  words 
colloid,  pectoid,  and  hydrogel.  It  is  my  opinion  that  the  word  pec- 
toid  would  most  properly  express  the  condition  of  the  active  con- 
stituents of  fuller^  s  earth,  but  it  is  not  impossible  that  these  may  go 
into  partial  solution  in  oil  and  thus  become  true  colloids. 

It  will  be  seen  by  a  study  of  the  table  of  oil  tests  (p.  274)  that  the 
effect  of  acids  on  the  bleaching  efficiency  of  fuller's  earth  is  peculiar, 
some  earths  being  much  more  affected  than  others.  The  Eimer  & 
Amend  earth  is  evidently  the  least  affected,  and  the  Owl  the  most. 
I  find  it  difficult  to  explain  this  except  on  the  assumption  that  these 
earths  contain  several  different  minerals  varying  in  amount  and  in 
ease  of  decomposition  by  acMs,  the  bleaching  power  also  being 
dependent  on  these  minerals.  I  have  noted  on  page  277  that  the  ease 
of  decomposition  by  acids  is  for  this  series  of  minerals  (the  hydrous 
aluminum  silicates)  probably  a  function  of  the  percentage  of  alumina 
and  water,  and  we  should  expect  to  find  this  approximately  true  of 
the  three  earths  tested  in  this  investigation.  An  inspection  of  the 
ultimate  analyses  shows  this  to  be  so  in  a  general  way,  and  the 
parallel  is  much  more  apparent  when  we  consider  that  the  Owl  earth 
contains  about  15  per  cent  of  Ume  carbonate  as  an  impurity.  The 
analyses  of  the  residues  after  treatment  with  the  acids  and  alkalies 
also  show  that  the  constituent  silicates  of  the  earth  vary  in  resist- 
ance to  acids*  The  improvement  in  efficiency  of  certain  of  the 
earths  by  treatment  with  dilute  acids  I  attribute  to  the  removal  of 
limonite,  calcite,  and  possibly  some  hydrous  alumina,  which  may 
exert  a  clogging  effect  on  the  active  minerals.  This  treatment  may 
also  increase  the  amount  or  the  efficiency  of  the  colloidal  substance, 
as  Cushman  points  out  ^  that  certain  salts  and  other  substances 
possess  the  power  of  coagulating  clay  substance  and  increasing  its 
binding  power. 

The  wide  variation  in  ultimate  analysis  which  is  exhibited  in  Table 
3  (p.  272)  and  which  persists  even  after  recalculation  eliminating  impu- 
rities, is"  readily  explained  by  this  assumption  of  a  series  of  similar 
minerals.  Variation  in  bleaching  power  of  various  earths  is  also 
thus  explained,  and  if  we  can  assume  that  these  minerals  have  vary- 

a  Cushman,  A.  S.,  Effect  of  water  on  rock  powders.  Bull.  Bur.  Chemistry,  U.  S.  Dept.  Agr.,  No.  92, 
1905,  pp.  19,  22. 
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ing  preferences  for  difFereiit  classes  of  organic  colors,  we  have  a  pos- 
sible explanation  of  the  puzzling  fact  that  some  earths  which  are 
very  efficient  for  veget^/ble  oils  are  useless  on  mineral  oils,  and  vice 
versa.  As  bearing  on  the  probability  of  this  last  assumption,  Cramp- 
ton  and  Simons^  find  that  fuller^s  earth  absorbs  much  more  color 
(caramel)  from  artificially  colored  spirits  than  from  the  natural, 
and  remark  that  it  appears  to  exert  a  selective  action  for  some 
coloring  matters. 

In  passing  I  wish  to  say  that  the  possibility  of  the  efficiency  of  fuller^s 
earth  being  due  to  organic  colloids  has  occurred  to  me,  but  after 
due  consideration  I  decided  that  this  theory  was  untenable,  as  any 
organic  matter  was  almost  certainly  destroyed  in  several  of  the  acid- 
treated  earths  which  gave  fairly  good  results  On  oil. 

As  the  recent  work  of  Cushman  and  others  has  practically  proved 
that  the  plasticity  and  binding  power  of  clays  and  rock  powders  is 
dependent  on  the  existence  of  pectoids,  the  nonexistence  of  plasticity 
in  fuller^s  earth  would  certainly  be  a  stumbling  block  to  my  theory. 
However,  as  I  have  shown  on  page  273,  the  earths  on  which  I  have 
worked  possess  a  most  decided  plasticity,  and  an  investigation  is 
needed  to  determine  the  correctness  of  the  numerous  statements  to 
the  contrary.  The  property  which  I  noted,  of  taking  up  very  large 
quantities  of  water  before  reaching  the  plastic  state,  is  certainly  an 
attribute  of  colloids,  and  the  extreme  greasy  or  soapiness  of  feel  is  not 
less  so. 

The  action  of  high  temperature  in  destroying  the  efficiency  of 
fuller's  earth  (see  oil  test  No.  6,  Table  5,  p.  274),  although  it  does  not  of 
itself  prove  the  presence  of  colloids,  at  least  agrees  well  with  that 
theory,  as  it  is  well  known  that  the  colloidal  structure  is  destroyed  by 
heat,  whereas  an  amorphous  structure  is  unaffected. 

Fuller's  earth  in  suspension  in  water,  in  common  with  other  clays, 
is  readily  coagulated  and  settled  by  traces  of  acid  or  larger  quantities 
of  salts.  Wiley  ^  calls  this  fine  suspended  matter  colloidal  clay,  and 
it  probably  does  consist  of  kaolin  particles  which  are  more  or  less 
pectinized  on  the  surface.  I  have  noticed  in  washing  fuller^s  earth 
after  it  has  been  treated  with  sodium  hydrate  that  it  settles  readily 
during  the  first  decantations ;  then,  as  the  amount  of  sodium  hydrate 
becomes  less,  a  part  refuses  to  settle,  and  that  which  does  settle 
becomes  more  gelatinous  and  swells  until  it  occupies  a  volume  several 
times  as  large  as  the  original.  On  adding  a  few  drops  of  acid  to 
neutralize  the  sodium  hydrate  the  earth  settles  readily.  On  drying, 
however,  the  earth  forms  a  hard,  hornlike  mass  similar  to  precipitated 
alumina.     I  explain  these  facts  as  follows:  It  is  well  known  that  alka- 


oCrarapton,C.  A.,  and  Simons,  F.  D.,  Detection  of  caramel  in  spirits  and  vmegar:  Jour.  Am.  Chem. 
Soc,  vol.  21,  1899,  p.  3,56. 
&  Wiley,  11.  W.,  Agricultural  Analysis,  vol.  1,  Soils,  p.  231. 
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lies  prevent  flocculation  of  colloids  and  that  acids  and  neutral  salts 
promote  it.  This  explains  the  nonsettlement  of  the  earth.  As  for 
the  gelatinization,  it  is  evident  that  the  strong  alkali  has  the  power  of 
partially  decomposing  the  earth  and  of  converting  the  compact, 
resistant  pectoids  into  a  softer  form  that  requires  more  water  and  is 
perhaps  between  a  pectoid  and  a  soluble  colloid  and  similar  to  pre- 
cipitated alumina. 

Colloids  are  known  to  possess  the  power  of  taking  up  organic  colors 
from  solution  (see  p.  282),  and  the  analogy  with  fuller^s  earth  is  so 
apparent  as  to  excite  surprise  that  it  has  not  been  studied  from  this 
point  of  view  before.  It  has  even  been  known  that  pectoids  could 
extract  colors  from  oils  and  resins  as  well  as  aqueous  solutions. 
This  I  regard  as  a  strong  point  in  favor  of  the  colloidal  theory, 
although  by  itself  it  does  not,  of  course,  constitute  a  proof. 

The  power  of  colloids  to  absorb  certain  salts,  or  at  least  the  basic 
ions  of  these  salts,  has  been  known  a  long  time.  It  is  also  possessed 
to  a  degree  by  certain  amorphous  substances  having  a  fine  porous 
structure,  such  as  charcoal  and  boneblack.  Fuller's  earth  has  this 
property  to  a  marked  degree.  In  fact,  its  use  has  been  proposed  to 
remove  the  lime  from  boiler  water."  I  have  found  that  after  it  has 
absorbed  ammonia  or  salts  it  loses  a  great  part  of  its  efficiency  in 
bleaching  oils.  From  this  I  infer  that  the  bases  are  absorbed  in  a 
similar  manner  to  the  coloring  matter  of  oil,  and  occupy  the  pores 
which  otherwise  would  hold  the  color. 

It  has  been  pointed  out  that  these  absorbent  materials  have  a 
selective  action  on  the  salts,  absorbing  the  unlike  ions  and  discarding 
the  ions  of  like  chemical  nature.  If  colors  in  oil  solution  are  absorbed 
in  the  same  manner  as  salts  in  aqueous  solution,  analogy  would  lead 
to  the  supposition  that  fuller's  earth  would  exert  a  selective  action 
for  certain  classes  of  coloring  matter  and,  moreover,  that  the  earths 
themselves  would  differ  in  their  selection  of  colors  according  as  they 
are  more  or  less  acidic  in  composition.  We  find  this  entirely  in 
accordance  with  the  facts. 

I  have  noticed  in  the  course  of  my  oil  tests  that  on  the  same  sample 
of  oil  different  materials  give  products  varying  greatly  in  shade,  the 
main  color  being  in  some  tests  of  a  yellow  and  in  others  of  a  green  tint. 
Is  it  not  likely  that  the  oil  contains  several  compounds  of  varying 
chemical  nature,  and  that  the  earths  or  other  materials  used  in  bleach- 
ing extract  them  in  ratios  proportional  to  their  own  basicity  or  acid- 
ity ?  I  have  been  unable  to  obtain  any  exact  data  on  this  point  from 
my  results,  owing  to  the  difficulty  of  following  these  slight  changes  in 
tint  with  the  unaided  eye.  A  tintometer  would  be  needed  if  this 
line  of  investigation  were  to  be  followed  out. 

a  Mineral  Industry,  vol.  8,  1900,  p.  219, 
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I  believe  that  the  reason  for  using  heat  in  bleaching  oils  is  that  the 
lessened  viscosity  of  the  oil  when  heated  allows  the  molecules  of  color 
to  come  into  better  contact  with  the  particles  of  earth.  Possibly, 
however,  the  beneficial  result  is  partially  due  to  the  expulsion  of 
water  or  air  from  the  submicroscopic  pores  of  the  pectoid  surface,  thus 
making  room  for  the  coloring  substance. 

The  table  of  oil  tests  (p.  275)  shows  that  pipe  clay,  which  is  nearly 
pure  kaolin,  has  some  slight  bleaching  power.  This  is  in  line  with 
the  colloidal  theory,  taken  in  connection  with  Cushman^s  experiments 
on  kaolin,  in  which  he  found  that  the  kaolin  grains  were  coated  with 
a  thin  layer  of  pectoidal  substance.  This  coating  should  be  sufficient 
to  give  the  kaolin  the  slight  bleaching  power  it  was  found  to  have. 

Tests  Nos.  31  and  32  show  that  the  kaolin  is  improved  in  bleaching 
efficiency  by  drying  and  also  by  decomposition  with  sulphuric  acid. 
According  to  the  colloidal  theory,  the  improvement  on  drying  is  pos- 
sibly due  to  the  expulsion  of  the  excess  of  w^ater  from  the  thin  pectoid 
film  on  the  surface  of  the  crystals.  The  treatment  by  sulphuric  acid, 
however,  entirely  decomposes  the  kaolin  and  leaves  an  amorphous 
silica,  the  excess  of  water  being  removed  by  the  dehydrating  action 
of  the  acid.  It  will  be  noted  that  the  silica  from  the  pipe  clay  does 
not  vary  much  in  efficiency  from  those  samples  prepared  from  fuller's 
earth  in  the  same  manner,  especially  when  the  latter  have  been  thor- 
oughly decomposed.  It  is  also  of  interest  to  note  that  the  silica  from 
kaolin  giving  a  color  value  of  16  does  not  differ  very  much  from  that 
prepared  by  precipitation  and  washing  with  alcohol  and  ether,  value  18. 

The  limestone  clay,  which  I  found  had  a  very  considerable  bleaching 
power,  was  probably  in  a  more  pectoidal  state  than  the  kaolin,  and  it 
is  evidently  to  be  expected  that  all  gradations  of  bleaching  power  will 
be  found  in  the  various  clays. 

This  same  idea  will  apply  to  the  fine  mineral  powders  which  Wheeler 
discovered  to  have  a  slight  bleaching  action.  I  do  not  know  whether 
or  not  his  powders  were  wet  ground.  If  so,  pectoidal  substances  were 
certainly  contained  in  them.  If  ground  dry,  their  efficiency  is  prob- 
ably due  to  the  increased  surface  action  of  amorphous  particles. 

At  this  point  it  seems  necessary  to  examine  into  the  difference,  if 
any,  in  the  mode  of  action  of  colloids  and  amorphous  substances.  It 
has  been  pretty  well  proved  that  the  decolorizing  power  of  charcoal 
and  bone  char  (amorphous  substances)  is  due  to  their  exceedingly 
small  '^submicroscopic  pores.''  These  pores  seem4}o  be  exceptionally 
well  developed  by  certain  forms  of  carbonaceous  matter,  but  probably 
exist  to  a  greater  or  less  extent  in  all  forms  of  finely  divided  amor- 
phous matter.  This,  I  take  it,  explains  the  small  but  uniform  effi- 
ciency of  such  materials  as  precipitated  arid  dried  silica  and  alumina, 
and,  as  before  noted,  may  also  explain  the  results  which  Wheeler 
ohtained  with  very  finely  pulverized  materials.     It  is  evident  that  the 


PROPERTIES   AND    TESTS   OF    FULLER 's   EARTH.  287 

slightest  trace  of  sintering  on  material  of  this  sort  would  close  up 
these  minute  pores,  and  no  doubt  this  is  the  cause  of  the  destruction 
of  the  decolorizing  power  by  ignition.  (See  tQsts  Nos.  47  and  51, 
Table  5,  p.  275.) 

The  mode  of  action  of  colloidal  substances  is  probably  very  similar, 
even  though  the  body  of  material  containing  the  pores  is  of  so  different 
a  nature.  As  before  noted,  many  investigators  have  found  that  pec- 
toidal  substances  possess  the  power  of  absorbing  the  basic  ions  of 
salts  into  their  *^fine  submicroscopic  pores,' ^  and  there  is  no  reason  to 
think  that  the  ions  of  coloring  matter  are  held  in  any  different  way. 

However,  I  must  confess  that  I  do  not  feel  very  clear  in  my  mind 
as  to  the  exact  state  or  characteristics  of  what  I  have  called  the  effi- 
cient pectoids.  So  little  that  is  really  definite  is  known  on^the  subject 
that  it  is  very  difficult  to  draw  a  hard  and  fast  h'ne  between  colloids 
and  amorphous  bodies.  Possibly  all  intermediate  states  between  the 
soluble  colloid  and  the  most  insoluble  amorphous  substance  exist.  If 
this  is  the  case,  it  will  lead  to  many  interesting  speculations.  For 
example,  it  is  possible  that  the  more  nearly  a  substance  approaches 
the  purely  colloidal  state  the  greater  affinity  it  will  have  for  coloring 
matter;  but  in  the  case  of  oil  bleaching  this  state  will  be  limited  by 
the  necessity  of  increased  water  in  the  softer  colloids.  At  some  inter- 
mediate point  the  maximum  efficiency  for  oils  would  be  found.  The 
difficulty  of  preparing  alumina  without  including  a  large  excess  of 
water  is  evidently  the  cause  of  my  failures  with  that  substance.  We 
know  that  alumina  has  a  strong  affinity  for  coloring  matter  in  acjueous 
solutions  and  very  probably  it  would  act  with  equal  efficiency  on  oil, 
if  it  could  be  prepared  without  the  water.  It  seems  likely  that  the 
drying  to  a  horny  mass  is  an  attribute  of  the  softer  and  more  highly 
hydrated  colloids.  Silicic-acid  jelly  when  dried  forms  such  a  mass, 
but  if  it  is  first  washed  with  alcohol  and  ether  (which  removes  the 
excess  of  water)  it  dries  to  a  white  pulverulent  powder,  still,  however, 
containing  much  combined  water.  It  will  be  noted  (see  test  No.  50) 
that  when  so  prepared  it  has  a  slight  efficiency.  Fuller's  earth  also 
when  treated  with  sodium  hydrate  swells,  softens,  and  apparently 
takes  up  much  water,  forming  a  softer  colloid.  On  drying  it  acquires 
the  hornlike  characteristics  of  dried  alumina  and  loses  considerable 
efficiency.  (See  also  p.  286.)  Another  possible  explanation  of  the 
action  of  dilute  acids  in  increasing  the  efficiency  of  some  earths  occurs 
to  me  here.  May  not  the  acids  decompose  and  remove  the  very  soft 
and  hydrous  colloids  and  thus  prevent  their  drying  up  and  clogging 
the  efficient  particles?  Another  query  in  the  same  line:  Might  not 
strong  drying  decrease  the  efficiency  of  some  earths  that  contain  a 
larger  proportion  of  the  softer  colloids,  and  would  not  a  considerable 
variation  in  resistance  to  heat  be  found  if  many  earths  were  tested? 
There  is  evidently  room  for  much  research  along  thes^e  l\\i<^^. 
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I  come  now  to  a  very  interesting  phase  of  my  subject,  although  I 
have  not  studied  it  to  any  extent — namely,  the  bleaching  action  of 
light  on  oils.  A  study  of  the  tables  reveals  an  exceedingly  significant 
fact.  The  after  bleaching  (or  bleaching  due  to  the  action  of  light) 
appears  to  be  much  greater  in  the  more  efficiently  bleached  samples 
than  in  those  which  were  only  slightly  bleached.  I  say  '^  appears  to 
be,"  because  my  color  scale,  although  comparatively  correct,  is  not 
absolutely  so.  In  other  words,  the  absolute  percentage  of  coloring 
matter  in  the  samples  will  not  vary  in  the  same  amount  from  number 
to  number.  However,  even  if  we  allow  for  this,  it  seems  almost  cer- 
tain that  this  after  bleaching  can  not  be  altogether  due  to  the  chemical 
action  of  the  light  on  the  colorii^  substance,  for  in  that  case  all  sam- 
ples should  bleach  a  uniform  amount.  It  seems  necessary,  therefore, 
to  look  elsewhere  for  the  cause  of  this  action,  and  as  yet  I  have  been 
unable  to  devise  a  satisfactory  hypothesis. 

It  is  evident  that  the  colloidal  theory  is  most  susceptible  of  proof  by 
means  of  microscopic  work,  but  for  lack  of  an  instrument  of  sufficiently 
high  power  I  have  been  able  to  do  but  little  in  this  direction.  Such 
results  as  were  obtained,  however,  tend  to  confirm  this  theory. 

Fuller^s  earth,  dry  (Fairbank  No.  2),  appears  to  be  made  up  of  a 
mass  of  small  amorphous  mossy  particles  that  look  something  like 
lumps  of  half-dried  alumina  and  seem  to  contain  many  tiny  air  bubbles. 
By  transmitted  light  many  small  plates  are  seen.  Some  grains  that 
are  not  plates  are  also  visible,  and  a  very  few  grains  of  a  color  varying 
from  deep  red  to  reddish  yellow.  Some  particles  have  the  look  of 
small  rings  or  groups  of  rings.  I  believe  this  to  be  due  to  the  presence 
of  transparent  crystalline  plates  which  have  commenced  to  alter  to  an 
opaque  substance  around  the  edge.  Fuller^s  earth  treated  with  sul- 
phuric acid  also  shows  these  rings.  Kaolin  shows  extremely  fine  par- 
ticles that  are  not  mossy  looking,  and  although  these  particles  are  so 
fine  that  their  form  can  not  be  distinguished,  yet  their  sharpness  of 
outline  and  noncoherence  point  toward  the  crystalline  structure. 

Limestone  clay  shows  large  quartz  grains,  mossy  lumps,  like  ferric 
hydrate,  and  large  grains  that  are  transparent  in  places,  but  are 
apparently  covered  with  a  brown  mossy  substance,  Uke  ferric  hydrate. 

Most  of  the  other  materials  tested  were  also  examined  under  the 
microscope,  but  nothing  of  any  great  significance  was  noted. 

PRACTICAL   APPLICATION   OF   COLLOIDAL  THEORY. 

If,  as  I  anticipate,  further  investigation  establishes  the  fact  that 
there  is  a  well-defined  relationship  between  the  rational  composition 
of  fuller^s  earth  and  the  class  of  coloring  matters  which  it  removes 
most  efficiently  (see  pp.  268,  284),  there  will  evidently  be  afforded  to 
chemists  a  means  of  predicting  the  value  of  fuller's  earth  and  the  class 
of  work  tor  which  it  is  best  adapted,  on  the  basis  of  analysis.     A  little 
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study  is  needed  to  determine  simple  methods  of  rational  analysis,  but 
to  judge  from  my  experiments  with  acid  treatment  it  is  not  likely  to 
be  a  difficult  problem. 

These  experiments  also  suggest  the  possibility  of  considerably 
increasing  the  bleaching  eflSciency  of  fuller's  earth  by  treatment  with 
dilute  acids  or  similar  means.  There  is  no  doubt  that  this  can  be  done, 
but  further  investigations  are  needed  to  find  more  favorable  condi- 
tions and  to  show  whether  the  process  can  be  made  sufficiently  eco- 
nomical for  commercial  use.  It  is  also  probable,  as  I  have  already 
pointed  out  (p.  287),  that  fuller's  earth  may  vary  in  resistance  to  heat 
and  in  the  degree  of  dryness  needed.  A  close  study  of  this  phase  of 
the  subject  might  show  how  the  preparation  of  the  earth  affects  its 
bleaching  qualities  and  point  the  way  to  an  increased  efficiency. 

Finally,  we  come  to  the  possibility  of  creating  an  artificial  bleaching 
agent  capable  of  doing  the  work  of  fuller's  earth.  I  have  no  doubt 
whatever  that  many  common  clays  can  be  found  which  possess  a  cer- 
tain amount  of  bleaching  power  and  which  by  proper  treatment  can 
be  given  an  efficiency  equal  to  fuller's  earth.  I  am  more  skeptical  as 
to  the  practicability  of  treating  a  neutral  or  nearly  neutral  body  so  as 
to  make  it  an  efficient  bleaching  agent.  It  is  possible  that  future 
work  may  discover  some  artificial  pectoidal  body  which  will  possess  the 
same  resistance  to  drying  as  the  active  pectoids  of  fuller's  earth.  In 
that  case  I  can  see  no  reason  why  it  should  not  be  possible  to  impregnate 
a  kaolin  or  other  porous  medium  with  this  substance  and  make  of  it  an 
artificial  earth.  I  am  of  the  opinion  that  some  such  substance  may  be 
found  among  the  organic  colloids,  although  the  single  test  I  made 
along  this  line  (test  No.  41)  was  barren  of  result. 

RATIONAL   COMPOSITION    OF   FULLER' S    EARTH. 

Table  6  gives  the.  approximate  rational  composition  of  the  fuller's 
earths  on  which  I  have  worked,  as  calculated  from  the  analyses  given 
in  Table  3  (p.  272).  The  calculations  are  based  on  the  percentages  of 
silica,  alumina,  and  water  soluble  and  insoluble  in  the  different 
strengths  of  acids,  and  I  believe  they  come  somewhere  near  the  truth. 
It  will  be  noticed  that  the  figures  do  not  exactly  balance  with  the  ulti- 
mate analyses,  but  they  are  probably  as  close  as  could  be  expected. 
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Table  6. — Rational  attalysea  of  fuller's  earth. 
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CLAYS  OF  THE  BIRMINGHAM  DISTRICT, 

ALABAMA. 


By  Charles  Butts. 


INTRODUCTION. 

The  area  here  designated  the  Birmingham  district  covers  about 
1,000  square  miles  lying,  in  the  main,  north  of  Birmingham,  Ala.  In 
it  are  located  a  number  of  brickworks,  utilizing  local  deposits  of  clay 
and  shale.  This  paper  is  based  on  work  done  in  the  field  by  Chester 
W.  Washburne)  William  F.  Prouty,  E.  M.  Dawson,  jr.,  and  the 
writer.  Information  drawn  from  published  reports  has  been  acknowl- 
edged in  the  proper  place. 

CLAY. 

The  clay  is  sedimentary  and  occurs  either  as  a  surficial  deposit  or 
as  the  underclay  of  coal  seams.  So  far  as  known  the  only  important 
superficial  deposit  of  clay  in  this  area  ©ccurs  along  Turkey  and  Cun- 
ningham creeks,  south  and  east  of  Morris.  This  clay  has  been  worked 
to  a  considerable  extent  for  brickmaking  at  De  Soto,  on  the  Moss 
property,  but  the  plant  has  not  been  in  successful  operation  in 
recent  years.  The  clay  here  is  reported  to  be  10  to  12  feet  thick,  and 
shows  the  following  section: 

Section  at  Moss  brickworks,  De  Soto. 

Ft.     In. 

Gray  sandy  loam 1      0 

Sandy  clay 3      9 

Layer  full  of  ferruginous  and  sandy  fragments 0      6 

Clay  stained  with  iron  to  ])ottom 5+  0 

The  entire  thickness  of  the  deposit  is  used.  The  bricks  made  from 
this  clay  are  of  a  good,  red  color  and  are  said  to  be  of  excellent  quality, 
but  to  shrink  a  good  deal  in  dr3nng. 

The  clay  in  this  locality  is  reported  to  occur  in  irregular  patches  of 
unknown  shape  and  extent  as  far  down  Turkey  Creek  as  the  bridge 
south  of  Morris.  Clay  was  noted  along  the  Louisville  and  Nashville 
Railroad,  half  a  mile  east  of  Morris,  and  at  a  point  midway  between 
Fedora  and  Indio.  It  seems  not  unlikely  that  the  clay  deposit  is 
coextensive  with  the  flat  ground  along  Turkey  Creek,  from  Fedora  to 
Indio,  and  along  Cunningham  Creek,  for  2^  imW  ^\iON^\V^\o.\v^*Cv^^ 
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with  Turkey  Creek,  though  it  probably  varies  much  in  thickness  and 
quaHty  in  this  area. 

This  deposit  of  clay  accumulated  during  the  time  that  the  creek 
waters  were  more  or  less  ponded  from  some  cause,  for  the  clay  is 
evidently  composed  of  fine  material  that  was  washed  down  from  the 
surrounding  hills  and  slowly  settled  in  still  water.  The  cause  of  the 
ponding  may  have  been  a  stratum  of  sandstone  which  crosses  Turkey 
Greek  near  the  bridge  south  of  Morris  and  which  retarded  the  down- 
cutting  of  the  creek  bed  and  acted  as  a  dam  to  the  water  above. 

The  only  underclay  utilized  in  the  Birmingham  quadrangle  is  that 
under  the  Black  Greek  coal  seam  at  Goaldale  and  vicinity.  It  is  a 
gray  plastic  clay  and  makes  a  buff  brick.  It  has  been  mined  near 
the  Southern  Glay  Company's  brick  works  at  Goaldale  and  at  the 
Butterfly  mine,  about  1  mile  east  of  Goaldale.  At  both  points  it  is 
4  feet  thick.  Its  further  extension  is  imknown  to  the  writer,  but 
there  is  evidently  a  considerable  body  of  good  clay  in  this  locality. 
From  both  the  places  just  mentioned  the  clay  has  been  shipped  to 
Birmingham  and  Bessemer  for  fire  brick  and  terra  cotta.  It  is  now 
being  mined  at  the  Butterfly  mine  by  the  Sibley-Menge  Press  Brick 
Company  for  use  in  its  new  works  1  mile  north  of  Goaldale.  It  is 
used  for  dry-press  face  brick  of  buff  color,  is  mixed  with  shale  for 
gray  brick,  and,  with  the  addition  of  manganese,  is  used  for  speckled 
brick. 

A  bed  of  clay  4  to  6  feet  thick  underlies  the  Nickel  Plate  or  Ameri- 
can coal  seam  at  Baileys  Quarters,  northeast  of  Brookside,  where  it 
is  exposed  in  a  cut  of  the  North  Alabama  Railroad.  The  same  clay 
also  shows  in  a  cut  of  this  railroad  at  Clift  station.  Here  there  are 
three  beds,  two  of  which  are  each  2  feet  thick  and  one  18  inches 
thick.  A  bed  of  clay  3  to  4  feet  thick  occurs  at  the  same  horizon  at 
vShort  Greek,  and  clay  of  greater  or  less  thickness  has  been  noted 
under  the  same  coal  at  other  points  in  the  region.  It  has  not  been 
utilized  and  nothing  is  known  of  its  qualities. 

A  bed  of  very  white,  soft,  plastic  clay,  2i  feet  thick,  underlies  the 
Pratt  seam  at  the  Thompson  mine,  northwest  of  Sayreton,  but  gen- 
erally the  coal  seams  of  this  region  appear  to  be  without  underclays 
of  economic  importance. 

SHALE. 

The  Alabama  coal  measures,  reaching,  in  the  deepest  part  of  the 
Gahaba  trough,  nearly  7,000  feet  in  thickness,  are  made  up  of  alter- 
nating shale  and  sandstone,  the  shale  forming  about  two-thirds  of 
the  whole.  Most  of  the  shale  is  probably  suitable  for  brick  making. 
Shale  from  three  different  horizons  in  the  Warrior  basin  and  from 
one  horizon  in  the  Gahaba  trough  is  now  being  utilized  for  brick. 
A  project  is  afoot  to  use  a  lower  Carboniferous  shale  for  the  pame 
purpose  also. 
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The  highest  bed  of  shale  used  for  brick  is  that  above  the  Mary 
Lee  coal  group  in  the  Warrior  basin.  This  is  generally  a  blue  clay 
shale;  weathering  yellow,  about  200  feet  thick.  It  is  a  persistent 
stratum,  extending  throughout  the  Warrior  basin  in  this  area  where 
not  removed  by  erosion.  It  is  very  uniform  in  appearance,  though, 
as  stated  below,  considerable  variation  in  composition  may  occur  at 
different  points  or  at  different  levels.  The  vertical  continuity  of 
the  shale  is  broken  here  and  there  by  a  layer  of  sandstone  up  to  10 
feet  thick  or  possibly  more  at  some  points. 

Shale  from  the  bottom  of  this  mass  is  extensively  used  for  brick  by 
the  Graves  Shale  Paving  Brick  Company,  at  Graves. 

Below  is  a  section  of  the  shale  quarry  at  this  place: 

Section  of  shale  beds  at  Graves. 

Feet. 

Yellow  shale 6 

Gray  shale 10 

Blue  shale 28 

44 

The  shale  dips  from  10°  to  15°  W.,  into  the  hill.  According  to 
Ries,"  the  yellow  shale  is  somewhat  sandy  and  has  a  large  content  of 
ferric  oxide.  It  vitrifies  at  2,250°  F.  and  fuses  at  2,500°,  yielding  a 
brick  that  has  a  tensile  strength  of  40  pounds  per  square  inch.  The 
gray  shale  is  less  sandy  and  ferruginous.  It  vitrifies  at  2,200°  F. 
and  fuses  at  2,500°,  yielding  a  brick  of  good  red  color,  with  an  average 
tensile  strength  of  105  pounds  per  square  inch.  The  brick  are 
burned  for  nine  days  in  roimd  down -draft  kilns.  Paving  brick  and 
chemical  brick  are  made.  The  latter  are  used  principally  for  pack- 
ing acid  chambers  in  making  sulphuric  acid,  a  use  for  which  they  are 
well  adapted,  since,  on  account  of  their  density,  they  absorb  almost  no 
water.  The  daily  capacity  is  50,000  brick  and  the  actual  output  is 
reported  to  be  28,000  to  38,000  daily.  . 

At  Coaldale  shale  from  two  horizons  is  used.  The  upper  horizon 
is  that  of  the  Jefferson  coal  seam  and  the  lower  is  on  an  average  about 
150  feet  below  the  Black  Creek  coal  seam. 

Shale  from  the  upper  horizon  is  utilized  by  the  Southern  Glay 
Manufacturing  Company  for  vitrified  paving  brick. 

The  section  at  this  company's  quarr}'^  is  as  follows: 

Section  at  Southern  Clay  Manufacturing  Company's  quarry ^  Coaldale. 

Feet. 

Reddish,  somewhat  sandy  shale 20 

Dark  clay  shale  with  mica 15 

Coal 1 

Stiff  gray,  somewhat  sandy  shale 30 

Coal 1 

i, _^    _   _^ ■ 

oRies,  Heinrlch,  Bull.  Alabama  Geol.  Survey  No.^,  \^w;i,^.\'fe. 
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The  shale  dips  at  a  low  degree  to  the  east  and,  as  it  outcrops  near 
the  top  of  a  hill,  conditions  for  quarrying  a,re  very  favorable.  The 
20  feet  of  reddish  shale  may  differ  from  the  imderlying  15  feet  of 
dark  shale  only  in  being  more  weathered.  While  the  lower  30  feet 
of  gray  shale  has  been  used,  only  that  from  the  upper  35  feet  is  used 
at  present  in  the  proportion  of  two  parts  of  red  shale  to  one  of  dark. 
A  test,  apparently  of  the  red  shale,  showed  that  vitrification  takes 
place  at  2,000°  F.  and  viscosity  at  2,150°  F.  The  brick  are  burned 
in.  round  down-draft  kilns  for  nine  days.  They  are  red  or  brown. 
The  capacity  of  this  plant  is  30,000  daily. 

The  shale  lying  100  to  200  feet  below  the  Black  Creek  seam  is  used 
for  dry-press  brick  by  the  Sibley-Menge  Press  Brick  Company,  whose 
plant  is  about  1  mile  north  of  Coaldale.  The  shale  lies  nearly  flat  and 
the  bed  is  at  least  70  feet  thick,  but  only  shale  from  the  bottom  20 
feet  is  used  at  present.  In  its  weathered  condition  this  is  a  gray  clay 
shale,  apparently  with  very  little  mica  and  sand.  It  makes  a  fine  dr}^- 
press  face  brick  of  a  pleasing  red  color.  As  stated  on  page  292,  it  is 
mixed  with  the  underclay  of  the  Black  Creek  coal  seam  for  gray  brick. 
The  capacity  of  the  plant  is  about  60,000  brick  daily.  No  analyses  of 
the  shale  nor  physical  tests  of  the  brick  have  been  made,  so  far  as 
known  to  the  writer,  nor  does  he  know  whether  the  upper  part  of  the 
shale  bed  is  equally  good  for  brick. 

At  Lovick,  in  the  Cahaba  coal  field,  shale  lying  between  the  Gould 
and  Nunnally  coal  groups  is  being  extensively  worked  at  the  brick 
plant  of  L.  L.  Stevenson.  The  whole  bed  utilized  has  the  following 
section: 

Section  at  Stevenson  brick  works.,  Lovick. 

Feet. 

Reddish  shale,  probably  weathered  phase  of  gray  shale  below 10 

Gray  clay  shale 18 

Blue-black  carbonaceous  clay  shale,  with  fossils 20 

Shale  from  all  these  layers  is  mixed  and  used  for  pale-red  common 
brick  or  brown  vitrified  brick.  The  time  of  firing  is  nine  days,  three 
days  at  low  heat  to  expel  the  water  and  six  days  at  red  heat  and 
finally  at  white  heat.  The  capacity  of  the  plant  is  80,000  brick  daily 
and  the  actual  output  is  large.  No  analyses  nor  physical  tests  have 
been  made. 

The  Lovick  shale  is  traceable  by  its  characteristic  dark  fossiliferous 
shale  band  for  6  miles  southwest  of  Lovick.  It  is  particularly  well 
shown  along  the  Leeds-Birmingham  road  in  the  southwest  comer  of 
sec.  28,  T.  17  S.,  R.  1  W.  It  extends  northeastward  along  the  west 
side  of  Owens  Mountain  to  Parsons  station  and  beyond.  At  Lovick 
this  shale  dips  8°  E.,  but  both  to  the  north  and  the  south  the  dip 
reaches  20°. 
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A  project  is  on  foot  to  start  brick  works  near  Leeds,  on  the  South- 
ern Railway,  using  lower  Carboniferous  shale  from  the  SW.  J  SW.  J  sec. 
14,  T.  17  S.,  R.  1  E.  The  composition  of  this  shale,  as  shown  by  analy- 
sis, is  such  as  to  make  it  suitable  for  brick. 

Not  only  at  the  points  described  above  are  the  shales  well  adapted 
to  brick  making,  but  also  at  many  other  points  on  the  same  or  other 
horizons  throughout  the  area.  It  appears,  therefore,  that  there  are 
unlimited  quantities  of  shale  m  this  district  from  which  high-grade 
paving  and  building  brick  can  be  made.  At  many  points  the  conditions 
as  regards  quarrying  the  shale,  cheap  fuel  supply,  and  transportation 
facilities  are  favorable  for  the  location  of  brick  works.  The  shale  brick 
made  in  this  region  find  an  active  market  throughout  the  Southern 
States.  • 


CLAY  DEPOSITS  OF  THE  WESTERN  PART  OF 
THE  DURANGO-GALLUP  COAL  FIELD  OF  COLO- 
RADO AND  NEW  MEXICO. 


By  Millard  K.  Shal?:r  and  James  H.  Gardner. 


INTRODUCTION. 

The  greater  part  of  the  area  here  considered  lies  in  northwestern 
New  Mexico,  but  a  portion  is  included  in  southwestern  Colorado."  In 
connection  with  reconnaissance  work  done  in  1906  in  this  coal  field, 
brief  notes  were  taken  regarding  the  occurrence  and  development  of 
clay  and  shale  deposits.  As  the  region  is  but  sparsely  settled  and  at 
present  lacks  adequate  railway  facilities,  the  clay  industry  supplies 
only  local  demands  and  a  small  outside  market.  The  total  value  of 
clay  products  marketed  from  this  field  in  1905  was  about  $75,000. 
The  demand  for  clay  and  shale  to  be  used  in  the  manufacture  of 
building  material,  tiles,  conduits,  etc.,  will  naturally  increase  as  the 
region  develops  and  as  better  railway  facilities  become  available. 
The  occurrence  of  good  coal  in  quantity  in  this  region  will  do  much  to 
aid  the  development  of  a  considerable  clay  industry. 

At  some  places  in  the  field  limestones  with  which  to  mix  the  clay  or 
shale  in  the  manufacture  of  Portland  cement  occur  near  at  hand, 
and  some  of  them  are  of  the  proper  composition  for  this  use.  The 
fire  clays  of  the  area  so  far  tested  contain  a  rather  high  percentage  of 
fusible  material,  particularly  iron  oxide,  but  their  adaptability  for  use 
in  making  semirefractory  products  and  for  lining  copper  converters 
has  been  shown  at  Durango  and  in  copper  smelters  in  Arizona. 

CHARACTER  OF  THE  CLAYS. 

The  clays  of  the  area  may  conveniently  be  classified  as  clay  shales, 
plastic  clays,  and  fire  clays. 

The  clay  shales  include  in  greater  part  the  thick  shale  formations 
of  the  area — the  Mancos  and  the  Lewis — as  well  as  many  thinner  beds 
intercalated  with  the  sandstones  and  coal  beds  of  the  Mesaverde  ^  and 
Laramie  formations.     All  of  these  formations  are  of  Upper  Cretaceous 

age. 

■  — — ^-i— 

a  For  a  more  detailed  location  see  report  on  the  coal  of  this  region  by  M.  K.  Shaler  in  a  forthcoming 
bulletin  of  the  Survey. 

b  For  definition  of  the  Mesaverde  formation  see  description  of  the  La  Plata  quadrangle,  folio  60,  U.  S. 
Geol.  Survey,  p.  5, 1899. 
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The  plastic  clays  include  alluvial  beds,  adobe  clays,  certain  uncon- 
solidated Tertiary  shales,  and  residual  deposits  derived  from  the 
weathering  of  clay  shales. 

The  fire  clays  include  deposits  of  a  semirefractory  nature,  the  beds 
of  which  now  mined  are  interbedded  with  the  sandstones,  shales,  and 
coals  of  the  Mesaverde  formation.  Some  of  these  are  directly  asso- 
ciated with  the  coal  beds  and  are  mined  in  connection  with  them. 

COMMERCIAL  DEVELOPMENT. 

Durango- Mancos  district. — The  present  development  of  the  clay 
industry  in  the  Durango-Mancos  district,  so  far  as  known,  is  confined 
to  the  vicinity  of  Durango,  Colo.  The  Durango  Pressed  Brick  Com- 
pany began  operations  as  early  as  1898,  and  in  1902  two  plants  were 
manufacturing  bricks  near  Durango,  but  the  company  named  is  the 
only  one  now  operating  in  the  district.  The  plant  is  located  on  the 
Rio  Grande  Southern  Railway  1  mile  west  of  Durango.  The  shale 
used  in  making  building  brick  is  procured  from  the  upper  part  of  the 
Mancos,  about  100  feet  stratigraphically  below  the  lowest  coal  bed  of 
the  Mesaverde  formation.  It  is  dark  gray  or  black  in  color,  hard,  and 
at  some  places  contains  a  little  lime  as  a  physical  impurity.  This  lime 
is,  however,  generally  present  in  concretionary  form,  and  can  be  easily 
removed  while  the  shale  is  being  quarried.  It  is  reported  that  near- 
by beds  contain  a  higher  percentage  of  lime  than  the  bed  quarried  at 
thijS^  brick  plant.  The  following  analysis  of  the  shale  was  made  by 
P.'H.  Bates  at  the  structural  material  laboratory  of  the  United 
States  Geological  Survey  at  St.  Louis. 

Aiudym  of  shale  from  quarry  of  Durango  Pressed  Brick  (  ompany. 

Silica  (SiOa) 48.87 

Alumina  (AlA) 12.26 

Ferric  oxide  (FeaOs) 4. 44 

Manganese  oxide  (MnO) 07 

Lime(CaO) 10.06 

Magnesia  (MgO) 3.82 

Sulphuric  anhydride  (SOg) 45 

Alkalies     i^^^ ^^ 

Alkalies. .|^^^ ^  ^^ 

Water  at  100°  C 1.27 

Ignition  loss,  including  carbon  dioxide  (C02) 16.  89 

98.  94 

The  color  of  the  burned  bricks  is  red.  A  dry-press  Boyd  machine 
is  used  in  their  manufacture.  It  is  reported  that  the  bricks  shrink 
very  little  after  sun  drying. 

The  Durango  Pressed  Brick  Company  produces  each  year  a  small 
output  of  a  semirefractory  brick,  which  is  generally  used  for  boiler 
linings.  In  the  manufacture  of  this  class  of  brick  the  clay  from  a  bed 
2  to  5  feet  in  thickness,  lying  just  below  the  coal  bed.  «Jc>QN^\sv^\slC\^\sfc^^ 
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is  mixed  in  proper  proportion  with  the  Mancos  shale  of  the  quarry. 
The  color  of  this  clay  is  dark  blue.  It  is  hard  and  is  quite  free  from 
physical  impurities.     The  bricks  produced  are  white  to  buff  in  color. 

Between  the  longitudes  of  Durango  and  Mancos  the  Mancos  shale 
and  some  of  the  fire-clay  beds  in  the  coal-bearing  Mesaverde  formation 
occur  in  continuous  outcrop.  The  Mancos  also  forms  the  basal  part 
of  Mesa  Verde,  a  wide  mesa  lying  just  south  of  Mancos.  Another 
shale  bed,  the  Lewis,  having  a  total  thickness  of  about  1 ,600  feet  and 
differing  little  in  character  from  the  Mancos,  outcrops  between  the 
Mesaverde  and  Laramie  formations  in  Rages  Basin,  southwest  of 
Durango.  Its  exposure  is  continuous  westward  as  far  as  La  Plata 
River  in  the  vicinity  of  Fort  Lewis.  Nowhere  in  this  district,  so  far 
as  known,  has  any  part  of  this  shale  been  worked  for  the  manufacture 
of  clay  products;  hence  a  practical  test  of  its  adaptability  to  such 
purposes  is  as  yet  entirely  lacking.  Judging  from  its  physical  charac- 
teristics, however,  this  shale  bed  doubtless  is,  in  part  at  least,  well 
adapted  to  the  manufacture  of  ordinary  brick. 

With  the  exception  of  the  San  Juan  and  Gallup  districts,  yet  to  be 
discussed,  this  district  is  the  only  one  in  the  field  having  at  present  the 
transportation  facilities  and  markets  necessary  for  any  great  develop- 
ment of  the  clay  industry,  and  even  this  district  is  greatly  handicapped 
by  high  freight  rates  and  a  consequent  limited  market.  The  market 
for  the  clay  products  of  Durango  outside  of  the  local  demand  extends 
to  Chama,  N.  Mex.,  on  the  east,  and  to  Telluride  and  Silverton,  Colo., 
on  the  north. 

Vitrified  brick  has  had,  as  yet,  no  market  in  this  district;  hence 
no  attempt  has  been  made  to  utilize  the  shales  for  the  production  of 
brick  of  this  class. 

At  Rockwood,  on  the  Denver  and  Rio  Grande  Railroad,  about  16 
miles  north  of  Durango,  limestone  is  quarried  with  which  the  shale  of 
the  Durango  Pressed  Brick  Company's  quarry  might  be  mixed  in  the 
manufacture  of  Portland  cement.  An  analysis  of  this  limestone,  made 
by  P.  H.  Bates,  at  the  structural  material  laborator}^  of  the  United 
States  Geological  Survey,  follows: 

Analysis  of  limestone  from  the  Rockwood  quarry. 

Silica  (SiO,) 0.24 

Alumina  ( AI2O3) 13 

Ferric  oxide  (Fe^Og) 08 

Manganese  oxide  (MnO) 05 

Lime  (CaO) 55.87 

Magnesia  (MgO) 19 

Sulphuric  anhydride  (SO3) 10 

Potash  (K2O) 08 

Water  at  100°  C 07 

Ignition  loss  (includes  carbon  dioxide) 43. 47 

100. 28 
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San  Juan  district. — The  clay  industry  of  the  San  Juan  district  is 
limited  to  Animas  and  San  Juan  valleys,  New  Mexico.  In  Animas 
Valley,  at  Farmington,  a  small  brick  plant  has  been  in  operation  since 
1900,  and  at  Flora  Vista  and  Aztec  bricks  have  been  manufactured 
since  1903.  The  production  of  this  valley  finds  an  outlet  to  Colorado 
markets  over  the  branch  line  of  the  Denver  and  Rio  Grande  Railroad, 
which  has  recently  been  constructed  down  the  valley  from  Durango. 
In  1903  a  plant  at  Farmington  successfully  began  the  manufacture  of 
what  is  known  as  ^'granite  blocks,' '  a  building  material  manufactured 
largely  from  clay. 

In  San  Juan  Valley  a  production  of  building  brick  was  reported 
from  Fruitland  by  Biggs  &  Stephens  in  1901.  At  Jewett  and  Ship- 
rock  building  brick  to  supply  a  local  demand  were  produced  in  1903. 
At  Shiprock  the  Government  Indian  School  and  Agency  buildings 
were  constructed  during  1904  and  1905  of  brick  made  on  the  ground 
from  Mancos  shale. 

In  both  Animas  and  San  Juan  valleys,  excepting  in  cases  already 
noted,  residual  clays  are  used  in  the  manufacture  of  brick.  The 
product  is  common  red  building  brick,  and  the  market  is  local. 

Gallup  district. — The  Gallup  district  centers  about  Gallup,  N.  Mex. 
The  clay  industry  at  Gallup  and  Clarkville,  a  coal-mining  camp 
about  4  miles  west  of  Gallup,  consists  almost  wholly  of  the  produc- 
tion of  semirefractory  fire  clay,  which  is  shipped  to  the  copper  smelt- 
ers of  southern  Arizona,  there  to  be  used  for  the  purpose  of  lining 
copper  converters.  Two  companies  at  Gallup  and  one  at  Clarkville 
are  now  producing  this  semirefractory  fire  clay.  At  the  Clark  mine 
at  Clarkville  and  at  one  place  at  Gallup  the  clay  is  worked  in  con- 
nection with  coal  mining.  In  the  Rocky  Cliff  mine  at  Gallup  the 
clay  bed  is  from  10  to  20  feet  thick  and  lies  between  two  coal  beds. 
After  the  lower  coal  bed  is  taken  out  the  timbers  are  removed  and 
the  fire  clay  is  allowed  to  fall;  then  the  upper  coal  bed  is  mined. 
Two  or  three  cars  of  this  clay  are  shipped  every  day  from  this  mine 
to  southern  Arizona. 

Just  south  of  the  town  limits  of  Gallup  fire  clay  has  been  mined 
for  five  years  by  the  Rocky  Cliff  Coal  Mining  Company.  The  bed 
varies  in  thickness  from  7  to  1 1  feet.  No  timbering  is  necessary,  as 
the  bed  is  immediately  overlain  by  a  bed  of  massive  sandstone. 
Until  recently  the  production  of  this  mine  was  rather  large,  two  or 
three  cars  being  shipped  daily  for  use  in  Arizona  smelters. 

At  Clarkville  there  are  several  beds  of  this  semirefrac,tory  clay, 
varying  in  thickness  from  1  to  20  feet.  The  beds  lie  comparatively 
flat  and  are  of  wide  areal  extent.  About  12,000  tons  of  clay  are 
produced  annually  at  the  Clark  mine,  and  this  production  has  been 
continuous  since  1898.  The  clay  is  all  shipped  to  the  United  Verde 
Copper  Company,  at  Jerome,  Ariz.,  where  it  is  used  for  lliuxx.^ o^^^^^^st 
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converters  in  the  smelting  process,  a  use  to  which  it  is  well  adapted. 
An  analysis  of  this  clay  is  as  follows: 

Armlysis  of  clay  from  the  Clark  viine^  Clarhvilie^  jy.  Mex. 

Silica  (SiOg) 64. 73 

Iron  oxide  (FeO) 6. 53 

Aluminum  oxide  (AI2O3) 17. 75 

Volatile  matter 5. 09 

Water 4 .  36 

It  will  be  noticed  that  the  content  of  fusible  material,  principally 
iron  oxide,  is  rather  high  for  a  fire  clay,  but  the  presence  of  this 
impurity  does  not  seem  to  be  detrimental  to  its  use  as  converter- 
lining  material.  Many  of  the  copper  ores  themselves  contain  a  high 
percentage  of  iron,  hence  that  present  in  the  converter  lining,  if  in 
rather  small  quantity,  does  not  add  greatly  to  the  total  percentage. 
It  must  be  borne  in  mind,  too,  that  the  linings  of  copper  converters 
are  renewed  before  nearly  every  charge  of  ore,  so  that  a  lining  of 
absolute  refractory  character  is  unnecessary.  Quartzite  is  some- 
times mixed  with  the  clays  used  for  this  purpose,  with  the  effect  of 
greatly  reducing  the  relative  percentage  of  iron  in  the  lining. 

Besides  this  production,  which  in  itself  amounts  to  nearly  30,000 
tons  annually,  valued  on  the  cars  at  the  quarries  and  mines  at  about 
$1.15  per  ton,  some  building  brick  have  been  successfully  made 
from  the  Mancos  shale  that  outcrops  in  the  ^'Hogback''  2  miles  east 
of  Gallup.  The  production  of  these  brick  has  been  limited  by  the 
local  demand,  and  none  have  been  produced  for  several  years.  As 
is  shown  by  the  following  analysis  made  by  Prof.  Erasmus  Haworth, 
of  Kansas  State  University,  this  shale  is  not  an  exceptionally  good 
brick  shale,  being  rather  high  in  lime.  The  presence  of  this,  how- 
ever, would  not  be  detrimental  if  the  shale  were  comparatively  free 
from  carbonaceous  matter,  but  unfortunately  its  carbonaceous  con- 
tent is  rather  large,  the  ignition  loss,  probably  in  great  part  organic 
matter,  being  somewhat  high. 

Analysis  of  Mancos  shale  from  Hogback  east  of  Gallup. 

SiOa 56.  29 

FejO+AlaO 23. 18 

CaO 3. 73 

MgO 2.91 

Loss  on  ignition 11. 53 

It  is  possible  that  this  shale  bed  or  other  beds  in  the  overlying 
Mesaverde  formation  might  be  utilized,  with  some  of  the  limestones 
occurring  southeast  and  east  of  Gallup,  in  the  manufacture  of  Port- 
land cement.  No  analyses  of  these  limestones  have  yet  been  made, 
however,  so  that  a  definite  statement  as  to  their  quaUty  is  at  present 
impossible. 
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The  Carboniferous  (Aubrey)  limestone,  which  occurs  near  the  rail- 
road some  distance  east  of  Gallup,  and  also  in  the  vicinity  of  Fort . 
Wingate  and  Nutria  southeast  of  Gallup,  appears  to  be  a  Umestone  of 
very  pure  grade  and  might  be  used  in  connection  with  this  shale  in 
Portland  cement  manufacture.  The  abundance  of  coal  at  Gallup  and 
in  its  vicinity,  and  the  fact  that  no  Portland  cement  plants  are  located 
near  enough  to  this  point  to  compete  seriously  with  a  plant  established 
here  are  factors  that  might  insure  the  success  of  such  a  plant." 

Other  areas  in  the  field, — The  only  areas  within  the  field  that  could 
possibly,  under  present  conditions  of  transportation,  produce  clay  of 
any  kind  on  a  commercial  basis  have  been  discussed  above.  This 
limitation,  however,  is  entirely  dependent  on  present  transportation 
facilities  and  market  conditions  and  not  on  the  absence  of  good  clay 
and  shale  deposits. 

South  of  Jewett  the  Mancos  shale  outcrops  over  a  wide  area  west  of 
the  *' Hogback*'  to  the  latitude  of  Crozier,  where  it  disappears,  dip- 
ping steeply  eastward  under  flat-lying  Tertiary  sediments  and  lavas. 
At  the  southern  limit  of  the  Choiskai  Mountains,  east  of  Fort  Defiance, 
Ariz.,  this  formation  reappears,  dipping  steeply  in  the  same  direction. 
From  this  point  it  trends  southward,  being  crossed  by  the  Santa  Fe 
Railroad  at  Manuelito.  From  here  the  Mancos  shale,  flattening 
rapidly,  courses  southeastward,  passing  about  10  miles  east  of  Zuni 
village,  thence  southward  to  the  latitude  of  Ojo  Caliente,  where  its 
outcrop  swings  abruptly  eastward  for  a  few  miles.  From  this  point 
it  courses  northward,  the  rocks  dipping  steeply  to  the  east  through 
Ramah  and  Nutria  and  on  beyond  the  horizon  in  the  ^' Hogback  *' 
east  of  Gallup.  Northeast  of  Gallup  the  strike,  including  that  of  the 
Mancos  shale,  again  changes,  in  this  case  to  the  east,  the  shale  occur- 
ring in  continuous  outcrop  a  few  miles  north  of  the  Santa  Fe  Railroad 
until  it  passes  beyond  the  limits  of  the  area  under  discussion. 
Throughout  its  outcrop  the  shale  at  this  horizon  is  characteristically 
the  same,  varying  only  in  its  thickness,  which  ranges  from  750  feet 
to  more  than  2,000  feet. 

South  of  Jewett  the  Ijewis  shale  covers  a  rather  limited  area,  finally 
occupying  a  thickness  of  only  150  feet  on  Rio  Chaco  east  of  Crozier. 
Its  apparent  quality,  so  far  as  concerns  its  uses  considered  in  this 
paper,  is  the  same  throughout  its  occurrence. 

Within  the  area  outlined  by  the  outcrop  of  the  Mancos  shale,  out- 
side of  the  three  districts  already  discussed,  many  beds  of  shale  and 
fire  clay  were  noted  at  numerous  places.  These  beds  are  of  variable 
thickness  and  quality,  but  doubtless  many  of  them  have  properties 
that  fit  them  for  use  in  the  manufacture  of  clay  products. 

Within  the  limits  of  the  field  under  discussion  many  clays  of  the 
varieties  classed  as  plastic  clays  were  noted.     Among  these  is  what  is 
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commonly  known  as  adobe  clay,  usually  of  residual  origin,  which  is 
almost  universally  used  by  the  Mexican  inhabitants  of  the  region  in 
the  manufacture  of  sun-dried  brick  to  be  used  in  constructing  their 
buildings.  In  many  places  within  the  field  timber  is  scarce  or  entirely 
absent,  and  building  stone  is  not  at  hand.  Consequently  this  adobe 
clay  is  of  great  value  as  a  building  material.  The  Indians  of  the 
Navaho  Reservation  use  it  to  a  large  extent  as  a  mortar  and  plaster 
in  their  stone  huts.  That  the  Aztecs  successfully  used  this  same 
material  as  a  mortar  in  their  cliff  dwellings  and  other  buildings  is 
attested  by  its  presence  in  the  many  ruins  of  these  dwellings  that  are 
now  scattered  over  the  greater  portion  of  the  area.  In  many  of  the 
ejtiff-house  ruins,  at  places  well  protected  from  the  weather,  this  clay 
mortar  is  evidently  as  firm  and  coherent  as  when  the  houses  were 
built,  centuries  ago. 


KAOLINS  AND  FIRE  CLAYS  OF  CENTRAL 

GEORGIA." 


By  Otto  Veatch. 


INTRODUCTION. 


GTwracter. — Throughout  the  Cretaceous  formations  of  central  Geor- 
gia there  are  remarkable  deposits  of  pure  sedimentary  kaolins  and 
iire  clays  of  great  thickness.  The  occurrence  of  white  clays  through- 
out the  fall-line  region  has  been  known  for  many  years,  but  the 
quality  and  extent  of  the  clays  and  their  availabiUty  as  the  basis  of 
large  industries  are  being  but  slowly  recognized.  The  valuable  clays 
vary  from  the  purest,  soft,  flour-like  kaolin  to  the  hardest,  refractory, 
flint  fire  clay,  and  the  beds  range  in  thickness  from  6  to  35  feet.  The 
kaolins  are  suitable  for  use  in  the  manufacture  of  porcelain,  sanitary 
ware,  encaustic  tiling,  etc.,  and  the  fire  clays  are  suitable  for  high- 
grade  fire  brick  and  other  fire-clay  wares.  On  account  of  the  sedi- 
mentary origin  of  the  clays  objection  is  frequently  made  to  the  appli- 
cation of  the  term  kaolin  to  them.  The  clays,  however,  even  in  the 
unwashed  state,  more  nearly  approach  kaolinite  in  composition  than 
do  many  of  the  washed  residual  clays  that  are  put  on  the  market. 
The  term  kaolin  is  not  generic  and  the  objection  has  but  little  justifi- 
cation. 

The  only  industries  within  the  area  that  utilize  these  clays  are  two 
plants  which  manufacture  fire  brick  and  a  small  pottery  which  has 
been  established  recently  at  Augusta,  Ga.,  for  the  manufacture  of 
porcelain.  Clay  mining  is  carried  on  at  a  number  of  places,  and  the 
product  is  shipped  to  fire-brick  and  terra  cotta  manufacturers,  to 
Ohio  and  New  Jersey  potteries,  and  t-o  northern  paper  mills.  About 
25,000  tons  are  mined  and  shipped  annually. 

Location  and  extent. — The  clay  area  is  located  in  central  Georgia 
along  the  fall  line  and  extends  in  a  northeast-southwest  direction 
entirely  across  the  State.  The  fall  line  is  the  contact  between  the 
ancient  crystalline  rocks  of  the  Piedmont  Plateau  and  the  compara- 
tively recent  soft  formations  of  the  Coastal  Plain.     The  streams  of  the 
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Atlantic  Coastal  region  have  falls  at  the  points  where  they  issue  from 
the  hard  crystalline  rock  into  the  soft  Coastal  Plain  formations,  and  a 
line  connecting  these  points  has  therefore  been  called  the  fall  line. 
The  clays  to  be  described  are  confined  to  a  narrow  belt  of  Cretaceous 
strata  along  the  fall  line  and  do  not  at  any  point  extend  more  than  30 
miles  south  of  it.  The  eastern  belt  of  clays,  between  Macon  and 
Augusta,  ranges  in  width  only  from  3  to  15  miles.  Between  Macon 
and  Columbus  the  clays  are  also  confined  to  a  narrow  strip,  only  a  few 
miles  wide.  Just  west  of  Macon,  however,  and  near  Fort  Valley 
valuable  clays  are  found  throughout  an  area  having  a  north-south 
width  of  about  30  miles. 

GEOLOGY. 

Formations  containing  clays. — As  above  stated  the  clays  occur  in 
strata  of  Cretaceous  age.  The  Cretaceous  deposits  in  Georgia  lie  in 
contact  with  the  metamorphic  and  crystalline  rocks  of  the  Piedmont 
Plateau  and  extend  entirely  across  the  State.  The  greatest  develop- 
ment of  the  Cretaceous  is  in  west-central  Georgia,  between  Ocmulgee 
and  Chattahoochee  rivers,  where  it  aggregates,  perhaps,  2,500  feet  in 
thickness.  East  of  Ocmulgee  River  and  between  Macon  and  Augusta 
only  what  is  probably  the  lower  part  of  the  Cretaceous  is  exposed.  It 
is  confined  to  a  narrow  strip  and  is  in  many  places  overlapped  by 
tongues  of  Eocene  strata  and  obscured  by  superficial  deposits  of 
Lafayette  and  Columbia  sands.  The  detailed  stratigraphy  of  the 
Cretaceous  in  Georgia  has  not  been  worked  out.  It  may,  however,  be 
divided  into  Lower  Cretaceous  (Tuscaloosa  or  Potomac)  and  Upper 
Cretaceous. 

Tv^cahosa  formation. — The  Tuscaloosa  formation,  which  contains 
the  valuable  clays  of  the  State,  probably  occupies  the  same  geologic 
position  as  the  Potomac  of  Virginia  and  Maryland  and  as  the  Raritan 
of  New  Jersey,  which  contains  the  valuable  clays  of  that  State.  It 
can  be  traced  directly  into  the  Tuscaloosa  formation  in  Alabama, 
where  it  also  contains  valuable  deposits  of  white  clay.  In  South 
Carolina"  the, formation  has  been  named  Hamburg  and  has  been  sub- 
divided into  Lower  Hamburg  and  Upper  Hamburg.  On  account  of 
the  variable  character  of  the  formation  in  Georgia  it  will  probably  be 
difficult  to  subdivide  and  map  the  formation  accurately.  Recent  field 
work  done  by  the  writer  has  made  it  possible  roughly  to  subdivide 
that  part  of  the  formation  lying  between  Macon  and  Augusta  into  a 
lower  sand  member  and  an  upper  clay  member,  which  probably  cor- 
respond to  the  Lower  Hamburg  and  the  Upper  Hamburg  of  South 
Carolina,  the  upper  member  in  both  States  containing  the  most  val- 
uable clays.  For  convenience  of  description  the  Tuscaloosa  will  be 
divided  into  an  eastern  belt  and  a  western  belt,  Ocmulgee  River  form- 
ing the  dividing  line.     The  Tuscaloosa  is  composed  chiefly  of  crcss- 
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bedded  quartz  and  mica  sand,  gravel,  and  white  claj-.  The  lower 
member  of  the  eaatern  belt,  or  that  part  east  of  Macon  and  the  Ocmul- 
gee  River,  consists  of  coarse,  clayey  gravel  and  sand,  which  near  the 
contact  with  the  crystalline  rocks  is  locally  an  arkose  and  is  at  many 
plac«s  indurated.  The  clayey  sand  is  generally  cross  bedded  and  has 
a  characteristic  pink  color.  It  contains  lenses  of  kaolin  of  remarkable 
purity,  but  most  of  these  are  of  small  extent,  and  the  kaolin  of  which 
they  are  formed  is  likely  to  vary  in  texture  or  to  grade  into  sand  within 
a  short  distance.  The  upper  member  of  the  Tuscaloosa,  in  the 
eastern  belt,  is  composed  largely  of  clay  in  beds  10  to  35  feet  thick, 
which  is  exposed  at  various  places  throughout  a  distance  of  approxi- 
mately 90  miles.  These  clays  vary  from  pure  white  and  cream- 
colored  gritless  kaolins  to  semihard  and  flint  fire  clays.     The  clays  of 


this  formation  are  for  the  most  part  white  or  light  colored,  but  in 
places  may  be  mottled  red,  yellow,  or  purple  by  iron  pxide.  The  for- 
mation is  largely  obscured  by  overlying  deposits  of  Eocene  sands  and 
clays,  exposures  of  clay  occurring  only  where  stream  erosion  has 
removed  the  overlying  strata  and  in  artificial  cuts.  The  beds  vary  in 
thickness  and  are  associated  with  more  or  less  kaolinic  sand.  The 
thickness  of  the  Tuscaloosa  of  eastern  central  Geoi^a  varies  from  50 
to  500  feet. 

Tile  western  belt  of  the  Tuscaloosa,  or  that  part  lying  between 
Macon  and  Columbus,  is  for  the  most  part  similar  lithologically  to  the 
eastern  belt.  The  subdivision  of  the  eastern  belt  of  the  Tuscaloosa 
into  an  upper  and  lower  member  will  probably  not  hold  for  that  part 
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of  the  belt  lying  west  of  Macon.  At  its  contact  with  the  crystalline 
rocks,  which  are  schist  and  gneisses,  the  formation  in  this  region  is 
composed  of  subangular  quartz  and  feldspar  gravel;  farther  south 
these  are  replaced  by  gray  and  pink  micaceous  sand  containing  irregu- 
lar beds  of  kaolin  and  fire  clay.  The  kaolin  beds  are  not  so  thick  here 
asi  in  the  eastern  belt,  and  individual  beds  are  not  so  extensive.  No 
kar>lins  of  great  value  have  been  discovered  west  of  Butler.  The 
Tuscaloosa  in  the  vicinity  of  Geneva,  near  Columbus,  differs  in  appear- 
ance from  the  formation  as  exposed  in  any  other  part  of  the  State. 
Here  it  is  composed  largely  of  indurated  material  and  consists  of 
alternating  layers  of  indurated  clay  and  sandstone.  The  clay  layers 
here  are  thin,  dark  colored,  and  iron  stained.  The  Tuscaloosa  in 
western  Georgia  is  overlam  by  Upper  Cretaceous  strata,  whereas  in 
eastern  Georgia  it  is  overlain  by  sand  and  clays  of  Tertiary  age.  It 
is  very  difficult  to  distinguish  the  Tuscaloosa  from  the  clayey  sands 
of  the  Upper  Cretaceous. 

Upper  Cretdceous, — The  Upper  Cretaceous  strata  in  Georgia  are 
exposed  in  a  belt,  15  to  25  miles  in  width,  which  extends  westward 
from  Ocmulgee  River  to  Chattahoochee  River.  No  Upper  Cretaceous 
strata  are  known  to  be  exposed  east  of  Ocmulgee  River.  The  strata 
consist  of  unconsolidated  sands  and  gravel,  marls,  clays,  and  lime- 
stone. The  marls  and  limestone  are  best  developed  along  Chatta- 
hoochee River,  where  the  greatest  thickness  of  strata  is  exposed. 
East  of  Chattahoochee  Rive^  the  formation  is  predominantly  sand 
containing  lenticular  layers  and  irregular  and  nonpersistent  beds  of 
clay,  although  one  of  the  marl  beds  can  be  traced  from  Chattahoochee 
River  eastward  to  a  point  4  xniles  east  of  Marshallville,  in  Houston 
County.  The  sands  are  ferriferous  and  contain  thin  layers  and  hollow 
nodules  of  siliceous  limonite.  At  some  localities,  however,  there  are 
great  thicknesses  of  pure  white,  extremely  fine,  loose  sand.  No  clays 
that  are  likely  to  be  of  value  have  been  discovered  in  the  formation 
except  in  Houston  County,  wliere  white  clays  occur  in  great  quantity. 

DESCRIPTIONS  OF  CLAY  DEPOSITS  BY  LOCALIXIBS. 

The  following  descriptions  do  not  by  any  means  include  all  tlie 
localities  where  good  clays  are  exposed.  The  aim  is  to  describe  the 
clay  at  the  principal  localities,  in  order  to  give  some  idea  of  its  extent, 
quality,  and  accessibility. 

DRY   BRANCH. 

Dry  Branch  is  <»i  the  Macon,  Dublin  and  Savannah  Railroad,  9 
miles  southeast  of  Iftftoon.  Here  the  most  extensive  and  purest  beds 
of  clay  occur  and  here  clay  mining  is  most  actively  carried  on.  The 
clay  mined  is  largely  a  soft  kaolin,  suitable  for  the  paper  and  pottery 
trade.    Four  companies  are  at  present  engaged  in  active  mining, 
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the  Atlanta  Mining  and  Clay  Company,  the  Georgia  Kaolin  Company, 
the  American  Clay  Company,  and  I.  Handle  &  Co. 

At  the  pits  of  the  Atlanta  Mining  and  Clay  Company,  2  miles  south- 
east of  Dry  Branch  station,  the  clay  bed  is  in  {^aces  25  feet  t^ck  and 
is  composed  for  the  most  part  of  a  plastic,  soft,  pure  kaolin.  Only  8 
to  15  feet  of  clay,  however,  is  worked.  This  clay  is  so  pure  that  it  is 
dried  and  shipped  in  the  crude  state,  without  preliminary  washing. 
The  clay  has  an  overburden  of  nonindurated  Tertiary  sand  and  clay, 
the  thickness  of  which  increases  gradually  from  10  feet  to  a  maximum 
of  100  feet.  The  clay  bed  as  it  appears  in  the  pits  is  massive  and 
jointed  and  is  not  laminated,  but  occurs  in  one  solid  bed.  It  is  white 
to  cream  colored,  but  shows  slight  staining  of  iron  and  manganese 
along  the  joint  planes  and  contains  some  small,  yellow  pseudo-iron 
nodules.  Mining  is  carried  on  in  open  pits,  the  overburden  being 
removed  by  a  steam  shovel.  The  following  section  shows  the  nature 
of  the  overburden: 

Strata  overlying  clay  bed  at  pits  of  Atlanta  Mining  and  Clay  Company  j  near  Dry 

Branchy  Ga. 

Feet. 

1.  Red  sand 3 

2.  Greenish,  laminated,  tough  clay 4 

3.  Very  fine  red  sand , 5 

4.  Green  clay  layer 1 

5.  Fine  red  micaceous  sand,  containing  smutty  particles  of  a  manga- 

nese mineral 4 

6.  Yellow  ocherous  sand : 3 

7.  Sand  containing  white  clay -pebbles »:  3 

8.  Kaolinic  sand 8 

9.  White  kaolin 12 

The  following  analysis  of  the  No.  1  paper  and  pottery  kaolin  shows 
the  purity  of  the  product  in  its  crude  state : 

Analysis  of  kaolin  from  pits  of  the  Atlanta  Mining  and  Clay  Company. 

[E.  Everhart,  analyst.] 

Moisture  at  100°  C 10. 72 

Loss  on  ignition 12. 39 

Silica.... 40.28 

Alumina 34. 72 

Ferric  oxide .84 

Manganous  oxide Trace 

Lime 05 

Magnesia * 04 

Sodium  oxide Trace 

Potassium  oxide Trace 

Titanium  dioxide 1. 15 

Sulphur. . .  .^ ' 00 

Phosphorus  pentoxide 00 

100.19 
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The  kaolin  contains — 


Sand 1. 570 


F(  Idspar '. ..  Trace 

Quurt^i 1.  570 

Micm Trace 

Ferric  oxide 745 

Clay  siibt^tonci' 97. 685 


100.000 


At  the  pit  of  the  American  Clay  Company,  1^  miles  southeast  of 
Dry  Branch,  the  clay  is  in  one  massive  bed  18  feet  thick.  It  is  soft 
drab  to  cream  color  and  yellow,  jointed,  and  very  free  from  ''grit^'  or 
mechanical  impurities.  It  is  overlain  by  20  to  30  feet  of  red,  yellow^ 
and  gray  sand,  which  near  the  pit  increases  to  a  maximum  of  80  feet. 
The  clay  is  shipped  without  washing  and  is  used  entirely  as  a  filler  in 
the  manufacture  of  paper.  When  dried  it  whitens  in  color,  and  when 
pulverized  has  the  feel  and  color  of  low-grade  wheat  flour. 

The  Georgia  Kaolin  Company  operates  a  mine  2  miles  east  of  Dry 
Branch.  The  bed  is  18  feet  thick.  The  upper  5  or  6  feet  of  the  bed 
is  hard  and  contains  manganese  stains  and  small  curious  fingers  of 
sand.  The  lower  part  of  the  bed  is  soft,  plastic,  gray  or  cream 
colored,  and  remarkably  free  from  grit.  A  rational  analysis  shows 
no  quartz  sand  and  only  a  very  small  percentage  of  mica.  The  clay 
is  suitable  for  pottery  and  paper  uses.  The  following  is  an  analysis 
of  the  purer  clay  found  here : 

Analysis  of  kaolin  from  pit  of  the  Georgia  Kaolin  Company. 

[E.  Everhart,  analyst.] 

Moisture  at  100°  C 1. 22 

Loss  on  igidtion 13. 46 

Silica 44 .  76 

Alumina 38. 41 

Ferric  oxide 63 

Lime 20 

Magnesia 09 

Sodium  oxide 09 

Potassium  oxide 35 

Titanium  dioxide 1. 37 

Sulphur None 

Phosphorus  pentoxide None 


100.58 

The  composition  of  the  kaolin  is — 


Sand 5. 189 


Feldspar 0.680 

Quartz None 

Mica 4.509 

Ferric  oxide ; 479 

Clay  substance 94. 332 


100.000 
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Physical  tests'*  show  that  the  clay  requu*es  21  per  cent  of  water  to 
develop  a  plastic  mass,  and  that  when  made  into  air- dried  briquettes 
it  has  a  tensile  strength  of  50  to  55  pounds  per  square  inch,  and  air 
shrinkage  of  5  per  cent.  The  clay  when  burned  to  cone  8,  or  about 
2,354*^  F.,  was  pure  white,  without  trace  of  a  yellowish  tint.  At 
3,100*^  F.  the  material  showed  no  signs  of  fusing. 

At  the  pit  of  I.  Handle  &  Co.,  2  miles  south  of  Dry  Branch,  only  10 
ffeet  of  white  clay  is  exposed,  but  the  bed  is  probably  somewhat  thicker 
and  is  of  large  extent  areally.  The  clay  here  is  white,  semihard,  and 
very  free  from  quartz  grains.  It  is  too  hard  for  a  No.  1  paper  clay, 
but  is  very  pure  and  is  sold  crude  and  in  bulk  almost  entirely  for 
pottery  use. 

The  clay  beds  at  the  above  four  localities  are  in  the  same  geological 
position,  namely,  at  the  top  of  the  Tuscaloosa,  and  in  contact  with 
Eocene  sand  and  clay.  They  are  parts  of  one  persistent  clay  forma- 
tion that  ranges  in  thickness  from  10  to  35  feet.  The  strata  in  this 
region  are  nearly  horizontal,  having  only  a  very  slight  dip  southward. 
The  amount  of  overburden  of  the  clay  beds  may  be  estimated  from 
surface  levels. 

MCINTYRE    AND   GORDON. 

In  the  vicinity  of  Mclntyre  and  Gordon,  on  the  Central  of  Georgia 
Railway,  22  and  30  miles,  respectively,  east  of  Macon,  there  are  exten- 
sive beds  of  fire  clays  and  some  pottery  kaolins.  The  fire  clays  lie  at 
the  base  of  Tertiary  ridges  and  are  exposed  wherever  the  small 
streams  have  cut  through  the  Tertiary  clays  and  sands  that  form  the 
surface  rock.  The  clays  are  usually  white  in  color  and  range  in  hard- 
ness from  soft,  semihard  and  ^'punky "  to  very  hard.  They  are  both 
plastic  and  nonplastic  and  show  fusing  points  ranging  from  Seger 
cones  28  to  36  (3074°  F.  to  3362°  F.).  The  soft  clays  contain  more 
iron  than  the  Dry  Branch  kaolins  and  are  in  places  mottled  red,  yel- 
low, and  purple  by  iron  oxide.  Some  of  the  fire  clays  are  very  hard 
and  consist  of  about  equal  parts  of  quartz  sand  and  kaolin,  the  kaolin 
forming  the  cementing  material.  Throughout  this  region  there  are 
peculiar  *^punky,''  white,  pitted  clays,  which  have  the  property  of 
hardening  slightly  upon  exposure.  This  clay  is  sawed  from  quarries 
and  used  locally  for  building  chimneys  and  foundations.  It  pos- 
sesses little  or  no  plasticity,  but  is  highly  refractory  and  would  be 
especially  useful  when  finely  ground  for  making  fire  brick.  The  clay 
beds  of  this  region  vary  in  thickness  from  10  to  30  feet  and  are  entirely 
undeveloped. 

a  Tests  made  by  H.  Ries  for  the  Georgia  Kaolin  Company. 
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The  following  are  some  chemical  and  physical  tests  made  upon  clays 
in  this  vicinity: 

Chemical  and  physical  tests  of  clays  from  beds  near  Mclntyre  and  Gordon^  Ga. 


Moisture  at  100°  C 

Loss  on  ignition 

Silica,  total 

Alumina 

Ferric  oxide 

Lime.: 

Magnesia 

Soda 

Potash 

Titanium  dioxide 

Conmion  fluxing  impurities. 
Fusing  point,  Cone 


0.89 

14.10 

43,57 

39.34 

.72 

None. 

.10 

.05 

.10 

1.61 

97 


2. 

3. 


4. 

5. 

6. 

0.90 

13.47 

44.22 

38.40 

1.70 

Trace. 

Trace. 

Trace. 

.28 

1.48 

1.98 

0.21 

14.52 

43.61 

40.42 

.70 

.37 

None. 

.83 

Trace. 

36* 

1.90 
36 

35 

36 

a  Unaffected  at  3000°  F. 

1.  Semihard  fire  clay,  used  locally  as  a  building  stone,  3  miles  east  of  Mclntyie;  E.  Everhart,  analyst. 

2.  Same  locality  as  above,  iron-stained  soft  kaolin,  4  to  15  feet  thick;  E.  Everhart,  analyst. 

3.  White  friable  clay,  \\  miles  south  of  Gordon;  clay  bed  12+  feet  thick. 

4.  Cream-colored,  finegrained  hard  clay,  3  miles  south  of  Gordon;  clay  bed  30  feet  thick. 

5.  Clay  from  bed  li  miles  east  of  Lewiston. 

6.  Clay  from  bed  1  mile  south  of  Irwinton.     A  very  pure  clay,  but  cracks  when  burned. 


GIBSON. 

Gibson  is  on  the  Augusta  Southern  Railroad,  50  miles  southwest  of 
Augusta.  Large  undeveloped  deposits  of  both  kaolin  and  fire  clay 
occur  here.  The  clays  are  in  the  same  geologic  position  as  the  clays 
farther  southwest — in  contact  with  Tertiary  strata  and  at  the  base  of 
Tertiary  ridges  and  hills.  They  are  overlain  by  loose  sand,  green  and 
drab  clays,  and  occasionally  by  thin  beds  of  limestone,  Three  miles 
east  of  Gibson  there  is  a  kaohn  deposit  that  varies  in  thickness  from 
18  to  30  feet  and  has  an  average  thickness,  as  determined  by  auger 
borings,  of  23  feet.  This  bed  is,  for  the  most  part,  white,  but  contains 
some  cream-colored  and  light-yellow  streaks  and  varies  considerably 
in  its  content  of  quartz  and  mica.  The  kaolin  on  the  greater  part  of 
the  bed  could  be  profitably  washed.  Analysis  shows  that  even  in  the 
crude  state  it  is  one  of  the  purest  kaolins  found  in  the  State.  It  is 
remarkably  plastic  but  has  low  tensile  strength.  It  bums  to  a  dense 
white  body  at  Seger  cone  9  (2390°  F.),  the  temperature  usually 
attained  in  burning  white  ware.  Small  amounts  of  this  clay  are 
being  used  for  porcelain  ware  in  the  pottery  at  Augusta.  The  follow- 
ing analysis  shows  the  purity  of  the  clay : 

Analysis  of  kaolin  from  Gibson  ^  Ga. 
[E.  Everhart,  analyst.] 

Moisture  at  100°  C 0. 44 

Loss  on  ignition 11.83 

Silica ! 47.37 

Alumina 38. 06 

Ferric  oxide 63 
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Lime Trace. 

Magnesia Trace. 

Sodium  oxide 60 

Potassium  oxide 26 

Titanium  dioxide , 1. 37 

Sulphiu* *. 04 

Phosphorus  pentoxide Trace. 

100.60 

The  kaolin  contains — 

Sand 8.609 

Ferric  oxide 035 

Clay  substance. . '. 91. 356 

100.000 

The  following  geological  section  was  made  along  a  sloping  ridge  at 
the  point  where  this  kaolin  outcrops : 

Section  along  ridge  3  miles  east  of  Gibson^  Ga, 

Feet. 

1.  Red,  cross-bedded  sand  capping  the  ridge 30 

2.  Drab  and  green  colored  soft  calcareous  clay;  contains  Eocene 

fossils 20 

3.  Thin-bedded,  soft,  fossiliferous  limestone 5 

4.  Calcareous  clay  and  sand 5 

5.  Kaolinic  quartz  sand;  contains  large  pellets  of  white  clay  and 

disseminated  kaolin;  belongs  to  the  Tuscaloosa  formation 15 

6.  Kaolin,  stained  with  iron  oxide  near  the  top 6-|- 

Two  miles  east  of  Gibson  there  is  a  bed  of  flint  fire  clay  20  feet  in 
thickness.  This  is  a  cream-colored  clay,  with  yellow  iron  stains,  con- 
taining 18  per  cent  of  quartz  sand  and  only  1.42  per  cent  of  fluxing 
impurities.  It  is  the  hardest  clay  found  in  central  Georgia,  halving 
a  hardness  of  2.5  to  3.  It  breaks  with  a  conchoidal  and  splintery 
fracture  and  disintegrates  very  slowly  on  exposure  to  the  weather. 
No  plasticity  is  developed  even  by  fine  grinding.  It  is  very  refrac- 
tory and  with  a  plastic  clay  for  a  bond  will  make  excellent  fire  brick. 

HEPHZIBAH. 

The  Albion  Kaolin  Company  is  mining  kaolin  at  Hephzibah.  The 
kaolin  here  is  12  feet  thick,  soft,  free  from  grit,  and  plastic.  It  is  in 
one  massive  jointed  bed,  overlain  by  about  20  feet  of  indurated  and 
nonindurated  sand  and  gravel,  which  gradually  increases  in  thickness 
away  from  the  bed.  The  kaolin,  on  account  of  its  freedom  from  grit 
and  its  softness,  is  an  excellent  paper  clay,  and  the  product  of  the 
mine  is  shipped  to  northern  paper  mills.  The  clay,  however,  is  also 
adapted  to  the  manufacture  of  pottery.  The  following  analysis  of 
the  crude  clay  represents  its  average  quality. 
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Analysis  of  kaolin  from  Hephdhahy  Ga. 

[E.  Everhart,  analyst.] 
Moisture  at  100°  C 0. 55 

Loss  on  ignition 12. 42 

Silica ^ '. 44.99 

Alumina 38.  59 

Ferric  oxide 2. 11 

Lime. ; Trace. 

Magnesia 05 

Soda 24 

Potash 11 

Titanium  dioxide 1. 04 

Phosphorus  pentoxide 13 

Sulphur 02 


100.  25 

The  kaolin  contains — 


Sand 3.  61 


Feldspar. 
Quartz... 

Mica 

Ferric  oxide 1. 90 

Clay  substance 94. 49 


100.  00 
PERRY,  HOUSTON    COUNTY. 

A  fine  deposit  of  kaolin  is  exposed  in  Upper  Cretaceous  strata  on 
Bay  Creek,  2  miles  northwest  of  Perry,  at  various  points  along  the 
base  of  a  ridge.  A  shaft  has  been  sunk  into  the  kaolin  15  feet,  and 
it  is  reported  that  the  bed  has  been  penetrated  to  a  depth  of  20  feet 
by  auger  boring.  Within  an  area  of  500  acres  many  prospect  holes 
and  wells  have  been  put  down,  most  of  them  encountering  kaolin. 
The  clay  evidently  occurs  in  great  quantity,  but  is  likely  to  vary  in 
thickness.  The  overburden  consists  of  very  fine,  variegated,  mica- 
ceous sands,  having  a  maximum  thickness  of  80  feet.  The  top  of  the 
bed,  near  its  contact  with  the  overlying  ferriferous  sands,  is  stained 
red  and  yellow  by  iron  oxide.  The  clay  is  chalky  white  when  dry 
and  contains  only  a  very  small  percentage  of  sand.  It  is  probably 
best  adapted  for  use  in  the  manufacture  of  white  ware.  An  analysis 
follows : 

Analysis  of  kaolin  from  Perry  ^  Ga. 

[E.  Everhart,  analyst.] 
Moisture  at  100°  C 1. 47 

Ix)ss  on  ignition 13.  58 

Silica 44.86 

Alumina 37. 34 

Ferric  oxide 56 

Lime : Trace. 

Magnesia 1 05 

Soda 04 

Potash 22 

Titanium  dioxide 1. 66 

99.78 
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The  kaolin  contains — 

Feldspar.  .1 

Quartz. ...\  Sand 2. 60 

Mica J 

Ferric  oxide 32 

Clay  substance 97. 08 


100.00 
BUTLER. 

At  Butler  white  clays  occur  in  considerable  quantity  and  have 
been  mined  at  one  locality.  The  clay  is  located  in  the  western 
belt  of  the  Tuscaloosa  and  is  typical  of  the  clays  of  this  belt.  A 
clay  mine  was  operated  for  a  few  years  at  a  point  2  J  miles  west  of 
Butler,  but  operations  there  have  been  suspended  since  1905.  The 
clay  bed  mined  has  a  maximum  thickness  of  20  feet  and  is  in  part 
sandy,  but  much  the  greater  portion  of  it  could  be  utilized  by  washing. 
The  clay  in  this  vicinity  occurs  in  lenticular  layers,  which  vary  greatly 
in  thickness  within  short  distances.  The  kaolin  varies  in  texture 
and  may  grade  rapidly  from  pure  clay  into  a  micaceous  sand.  It 
is  gray  or  cream  colored,  becoming  white  when  dry,  and  is  soft  and 
plastic,  but  coarse  particles  of  quartz  are  scattered  throughout  its 
mass.  The  overburden  consists  of  sand  and  is  much  thinner  than  in 
most  locaHties.     It  reaches  a  maximum  of  20  feet. 

The  clay  was  run  through  an  air  separator  and  shipped  largely  as 
a  filler  for  wall  paper.  A  small  amount  was  also  shipped  to  the  cotton 
mills  at  Columbus,  Ga.,  where  it  was  used  for  sizing  cotton  cloth. 

A  sample  of  this  clay  was  analyzed  after  it  had  been  run  through 
a  pulverizer  and  air  separator. 

Analysis  of  kaolin  from  Butler,  Ga. 
[E.  Everhart,  analyst.] 

Moisture  at  100°  C 0.  65 

Loss  on  ignition 13. 26 

Silica 47.03 

Alumina 37. 37 

Ferric  oxide 1. 15 

Lime Trace. 

Magnesia '. .06 

Sodium  oxide '  .17 

Potassium  oxide .* .18 

Titanium  dioxide .17 


100. 04 

The  analysis  shows  that  the  clay  contains — 

Feldspar 0.676 

Quartz 1. 490   Sand 4. 186 

Mica 2  020 

Ferric  oxide 1. 074 

Clay  substance 94. 740 


VQft.^Jf^ 
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In  the  following  table  of  analyses  and  tests  the  kaolins  of  Greorgia 
are  compared  with  the  best  known  domestic  and  foreign  kaolins. 
The  Georgia,  South  Carolina,  and  Florida  clays  are  sedimentary  in 
origin;  the  remaining  five  are  residual  clays. 

Table  showing  composition  and  coviparative  tests  of  clays. 


Silica 

Alumina 

Ferric  oxide. 

Lime 

Macnesia 

Potash 

Soda 

Titanium 

Water 

Moisture 

Fluxes 

Fusion 

Color  burned , 


Tensile  strength . 
Air  shrinkage . . . 
Fire  shrinkage.. 
Clay  substance . . 


47.37 

38.06 

.63 

Trace. 

Trace. 

.26 

.60 


1. 
oil. 


37 
83 
44 
49 


White. 


44.76 

38.41 

.63 

.20 

.09 

.35 

.09 

1.37 

13.46 

1.22 

1.36 

a,100°F.+ 

White.- 


45.39 

39.19 

.45 

.51 

.29 

.83 


I     14.01 
'  "2.08 


{ 


45.02 
38.98 
.77 
.03 
.07 
.26 
.55 
.85 
13.58 


Low, 

10% 

91.33 


50  to  55 

5% 

15% 

94.33 


}  >"% :{    19%  I 


Nearly 

white. 

65 

15% 


L68 

White." 

13 

10% 
96.95 


5. 

45.70 

40..61 

1.39 

.45 

.09 

6. 

46.24 

36.25 

1.64 

.19 

.32 

2.53 

7. 

46.87 
3a  00 

.89 
Trace. 

.35 

8.      1     9. 

48.26 

37.64 

.46 

.06 

Trace. 

47.50 

37.40 

.80 

Trace 

}         2.82 

1.22 

L56 

LIO 

8.98 
.35 

13.53 

12.70 

12.02  !  12.48 

! 

1            4.75 
2,700°  F.+ 

4.70 

2.46 

2.08 

L90 
627+ 

1     white. 

1 

;             20 

! , 

i 

/           (i% 

I           4% 

96.81 

! ! 

] 

99.00 

«  Contains  0.04  per  cent  sulphur. 


6  Cone. 


Kaolin  from  Gibson,  Ga.,  unwashed. 

Kaolin  from  Dry  Branch,  Ga.,  unwashed 

Ball  clav  from  Edgar,  Fla.,  washed. 

Kaolin  from  Aiken,  S.  C,  unwashed. 

Kaolin  from  Webster,  N.  C,  washed. 

Kaolin  from  Brandywine  Summit,  Pa 

Zettlitz,  Bohemia,  washed. 
8.  Cornwall,  England,  washed. 
9   West  Cornwall,  Conn.,  washed. 


washed. 


CLAY  MINING. 

Clay  mining  is  carried  on  actively  at  two  localities,  Dry  Branch  and 
Hephzibah,  and  small  amounts  of  clay  are  mined  at  Griswoldville, 
Lewiston,  and  Carrs  Station.  No  washing  plants  are  installed  at  any 
of  these  places,  the  clay  being  shipped  in  the  crude  state.  At  Dry 
branch  and  Hephzibah  the  kaolin  is  placed  in  long  drying  sheds^  ana 
after  about  three  weeks  of  air  drying  is  ground  into  flour  or  into  small 
lumps,  and  is  shipped  in  sacks,  each  holding  about  200  pounds,  and  ill 
wooden  casks  each  holding  approximately  a  long  ton.  The  ovet- 
burden  is  removed  by  hand  labor  and  by  steam  vshovels,  and  mining  la 
done  by  the  open-pit  method.  Both  the  overburden  and  the  clay  afe 
soft,  and  no  blasting  is  required.  The  installation  of  washing  plants 
and  steam  shovels  will  materially  increase  the  profits  in  mining  theae 
clays,  for  a  product  of  greater  purity  and  uniformity  can  thereby  be 
procured,  all  the  material  that  now  forms  waste  can  be  utilized,  and 
larger  quantities  of  clay  can  be  handled.  The  enormous  proflta  tluit 
may  accrue  from  some  other  forms  of  mining  are  not  to  be  expected  in 
clay  mining:  but  by  properly  handling  the  clay  and  by  economical 
management  a  reasonable  profit  on  an  investment  can  be  obtained. 


CLAY  RESOURCES  OF  THE  ST.  LOUIS  DISTRICT, 
MISSOUHL 


In  the  year  1905  St  Louis  produced  and  aold  about  $5,000,000 
worth  of  clay  products,  this  hemg  about  one-thutieth  of  the  entu« 
output  of  the  United  States      The  products  here  counted  comprise 


— Uup  of  ChdtoDfaam  dlsti 


1  Rre-day   mm,. 

;  and  vidnlty  St  Louis 


those  of  fire  clays,  shales,  and  brick  clays.  Inasmuch  as  a  very  large 
proportion  of  the  total  consisted  of  fire-clay  products,  and  these  were 
derived  in  large  part  from  a  single  section  within  the  city  limits,  it  may 
be  seen  that  St.  Louis  is  one  of  the  most  importaat  *;e^teT4(A'0Nfc^«^ 
industry. 
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FIRE  CLAYS. 
CLAYS    AT    CHELTENHAM. 

The  area  from  which  fire  clays  are  derived  has  its  center  in  a  section 
of  the  city  known  as  Cheltenham,  lying  south  of  Forest  Park.  It 
extends  about  4  miles  southeastward,  in  a  tongue  about  2  miles  wide, 
and  westward  to  a  line  running  south  from  Clayton.  An  exami- 
nation of  the  geological  map  (fig.  11)  will  show  that  this  area  is  an 
extension  or  peninsula  of  the  Pennsylvanian  coal  measures.  The 
clay  is  mined  very  much  after  the  manner  of  coal  mining,  both  shafts 
and  slopes  being  used.  The  depth  below  the  surface  is  generally 
between  60  and  100  feet. 

STRTTCTTTEE  AKS  DISTRIBUTIOV. 

The  geologic  feature  to  which  the  presence  of  the  fire  clay  within 
the  area  named  is  mainly  due  is  a  faint  synclinal  basin,  whose  center  is 
not  far  from  the  southeast  comer  of  Forest  Park.  North  and  east  of 
this  point  there  are  no  mines.  Certain  small  variations  from  the 
general  stmcture  here  described  are  probably  due  to  minor  folds, 
which  are  too  small  to  be  reduced  to  system  with  any  data  now 
obtainable.  The  lowest  level  from  which  the  clay  is  mined  is  404  feet 
above  sea  level,  this  being  within  the  bend  of  the  Des  Peres  River, 
near  the  southeast  corner  of  Forest  Park.  From  this  point  the  eleva- 
tion of  the  bed  increases  both  to  the  west  and  to  the  south.  The 
highest  known  level  of  the  clay  is  494  feet,  in  the  Van  Cleave  mine, 
about  1  mile  northwest  of  the  insane  asylum,  near  the  intersection  of 
the  old  Manchester  and  Watson  roads.  West  of  that  point  the  strata 
are  affected  by  a  gentle  anticline,  over  which  the  Des  Peres  River 
flows  southwestward,  the  combined  effects  of  the  folding  and  erosion 
being  to  erode  the  clays  from  this  area.  Similar  conditions  on  the 
east  and  south  of  the  productive  area  have  caused  the  complete 
erosion  of  the  clay-bearing  series. 

In  so  far  as  system  is  discernible  in  the  gentle  folding,  all  axes 
seem  to  have  a  northwest-southeast  direction.  The  productive  area 
south  of  Clayton  lies  in  a  gentle  syncline  parallel  to  the  one  above  men- 
tioned, the  two  axes  being  4  or  5  miles  apart. 

STRATIORAFSY. 

Within  the  area  named,  the  Pennsylvanian  coal  measures  Ue 
unconformably  on  the  St.  Louis  limestone  of  the  lower  Carboniferous. 
These  coal  measures  are  generally  less  than  100  feet  thick.  It  is  not 
probable  that  the  beds  here  present  represent  the  base  of  the  system. 
They  consist  mainly  of  shales  and  clays,  but  comprise  subordinate 
beds  of  limestone.  At  the  base  is  a  thin  though  persistent  sandstone 
forming  the  floor  of  the  fire  clay  mines,  all  of  which  are  in  the  very 
persistent  overlying  bed  of  fire  clay  known  as  the  '^Cheltenham 
seam.  ^^ 
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The  same  gentle  dowiiward  folding  that  has  resulted  in  the  preser- 
vation of  the  fire  clays  from  erosion  has  preserved  a  few  thin  beds  of 
coal.  One  of  these,  which  is  of  small  areal  extent  and  has  a  maximum 
thickness  (in  this  part  of  the  field)  of  perhaps  1 J  feet,  lies  immediately 
above  the  fire  clay.  Another,  equally  small,  with  a  maximum  thick- 
ness of  4  to  6  feet,  lies  40  to  50  feet  higher.  The  early  history  of  the 
city  shows  that  both  of  these  were  once  mined,  and  although  their 
content  was  such  as  would  now  be  considered  insignificant,  their  influ- 
ence on  the  early  development  of  St .  Louis  industries  was  great.  They 
are  not  now  mined,  except  incidentally,  in  mining  the  clay. 

sscnovs. 

The  details  of  sections  showing  the  beds  passed  through  in  sinking 
shafts  would  be  of  little  value  because  of  the  local  character  of  some 
of  them  and  the  variation  in  the  thickness  of  all.  A  comparison  of 
many  sections,  however,  shows  certain  more  or  less  constant  features 
as  follows: 

Generalized  section  of  coal  measures. 

Ft.        In. 

1.  Soil,  loess,  and  clays  of  variable  thickness. 

2.  Weathered  limestone  (''tumble  rock") 0-4    0 

3.  Pipeclay,  etc. — maximum 0  -15    0 

4.  Coal(local) 0-60 

5.  Limestone  or  ''very  hard  blue  rock,"  often  blasted  with 

dynamite 3  -15    0 

6.  Red  and  blue  clays,  "keel,"  pipeclay,  etc 13  -36    0 

7.  Coal  (very  local) 0-16 

8.  "Roof,"  consisting  of  dark  shaly  sandstone  or  arenaceous 

shale,  often  preserving  "weeds" 1-7    0 

9.  "Clod,"  an  impure  clay,  liable  to  fall  down  (local) 0  -        8 

10.  Coal  streak  (very  local) 0-        3 

11.  Fire  clay — Cheltenham  seam 2^-12    0 

12.  Light-colored  sandstone  with  pyrite  crystals  and  ferrugi- 

nous nodules,  commonly  forming  the  '  *  floor  " 1-9    0 

13.  Limestone  containing  red  cherts. 

As  illustrations,  the  actual  sections  of  two  shafts  are  given  below: 

Section  at  Jamieson- French  mine,  H  viiles  south  of  Clayton. 

Ft.    in. 

Loess  and  soil 15  0 

Red  clay 10  0 

"Gravel" 1  0 

Limestone  fragments  in  clay 3  0 

Gray  pipeclay 15  0 

Very  hard  limestone 6  0 

Red  shale 10  0 

Soft  black  shale 3  0 

Coal 0  8 

Black  sandy  shale 1  6 

Fire  clay — Cheltenham  seam ;  good  clay  taken  out 8  6 

Depth  to  floor 73    8 

Ball  315—07 21 
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Beneath  the  good  fire  clay  are  several  feet  of  green  or  iron-stained 
clay  not  mined.  Beneath  this  is  pyritiferous  sandstone  of  unknown 
thickness,  probably  at  least  6  feet.  At  an  outcrop  one-half  mile  to 
the  south  this  sandstone  is  underlain  by  limestone  containing  large 
red  cherts. 

Section  at  Kriimmel  and  Buchner  mine,  Columbia  avenue  and  Woods  street. 

Ft.  in. 

Soil,  loess,  etc 38  0 

Limestone 4  0 

Coal / 2  6 

Very  hard  ''blue  rock" ; 8  0 

Clay,  not  refractory 10  0 

Blue  shale  and  ' '  keel " 15  0 

Dark  shaly  sandstone  "roof  " 2  6 

Fire  clay,  Cheltenham  seam 7  0 

Light  pyritiferous  sand  floor. 

Depth  to  floor 87    0 

THICKNESS  OF  FIRE  GLAY. 

The  thickness  of  the  main  or  Cheltenham  seam  may  vary  from  1  to 
12  feet  within  a  small  fraction  of  a  mile;  it  rarely  if  ever  pinches  out 
entirely.  Most  of  the  mining  is  done  where  the  thickness  ranges  from 
3  to  8  feet;  where  it  exceeds  that  amount,  as  at  the  northeast  corner 
of  Cheltenham,  the  mining  is  generally  limited  to  about  8  feet  from 
the  best  part  of  the  seam.  Near  the  center  of  the  area,  which  is  near 
the  Laclede  mine  or  within  1  mile  to  the  south  of  it,  the  seam  gener- 
ally ranges  about  7  feet  in  thickness,  all  of  this  being  good  clay  and 
taken  out.  The  seam  is  mined  at  places  where  it  is  only  2  J  feet  thick. 
The  common  belief  is  that  where  the  seam  outcrops  it  is  increased  in 
thickness  by  weathering.  *  Along  the  Des  Peres  River  through  Chelten- 
ham its  thickness  is  perhaps  1  foot,  being  from  12  to  15  per  cent  of  the 
original  thickness. 

ROOF. 

The  variable  thickness  and  changeable  character  of  most  of  the  beds 
above  the  clay  are  unimportant,  but  the  character  of  the  roof  is  a  matter 
of  much  concern.  Bed  No.  8  in  the  above  general  section  is  the  bed 
which  in  all  mines  supports  the  overburden  and  under  which  all  posts 
must  be  set.  This  rock  is  generally  sufficiently  strong  to  span  all 
entries  and  rooms,*  but  breaks  off  short  and  falls,  allowing  the  over- 
burden to  fall  in  behind  the  line  of  supporting  posts  when  the  pillars 
have  been  mined  out.  The  mining  is  planned  with  this  fact  in  view. 
The  roof  is  more  apt  to  be  too  strong  than  too  weak.  In  that  case  it 
fails  to  break  short  just  behind  the  row  of  posts,  but  sinks  down  over 
a  large  area,  squeezing  the  unmined  clay  and  probably  breaking  the 
posts. 
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FLOOR. 

The  floor  of  the  mine  is  generally  the  light-colored  pyritiferous  sand, 
No.  12,  above.  Locally  the  pyrite  is  oxidized  and  the  sand  is  yellow. 
At  some  places,  especially  where  the  clay  seam  is  very  thick,  its  basal 
portion  is  sandy  and  abounds  in  pyrite,  and  is  poorly  distinguished 
from  the  underlying  bed.  At  places,  as  in  the  Christy  mine  and  the 
Evans  and  Howard  No.  11,  this  basal  clay  is  green  and  very  sandy, 
locally  oxidized  to  yellow  and  brown  colors.  At  the  latter  mine  and 
at  the  Parker  and  Russell  mine,  west  of  Kingshighway,  this  basal 
clayey  mass  contains  large  red  cherts,  which  elsewhere  (as  at  the 
Laclede,  Christy,  and  Jamieson-French  mines)  are  found  only  in  the 
underlying  limestone. 

This  limestone  is  reached  in  a  few  of  the  mines  in  digging  sumps, 
into  which  the  mine  is  drained  and  from  which  the  water  is  pumped. 
On  account  of  the  imperviousness  of  the  overlying  beds,  most  mines 
are  practically  dry  until  the  pillars  have  been  drawn  from  some  por- 
tion, thus  allowing  settling  and  cracking  of  the  higher  beds. 

nrrEssupTioNS  of  the  clay  seam. 

The  surface  of  the  floor  is  locally  affected  by  gentle  ridges  or  rolls 
that  rise  from  a  few  inches  to  1  or  2  feet  in  a  width  of  a  few  yards. 
One  such  ridge  in  the  floor  of  the  Jamieson-French  mine  reaches  the 
roof,  cutting  out  the  clay  entirely.  It  is  known  as  a  ''whaleback.^' 
Its  trend  is  northwest-southeast. 

In  several  mines  the  roof  thickens,  at  some  places  its  surface  being 
depressed  almost  or  quite  to  the  floor,  as  in  the  Hume  mine,  south  of 
the  Insane  Asylum,  where  a  band  about  200  feet  wide  trending  north- 
east-southwest is  thus  affected.  In  this  mine,  as  in  a  group  of  mines 
near  the  southeast  corner  of  Forest  Park,  the  lower  surface  of  the 
^^ horse''  is  longitudinally  grooved  or  fluted  on  a  large  scale. 

GRADES  OF  CLAY. 

• 

The  clay  seam  is  rarely  of  uniform  quality  throughout  its  thickness. 
Its  usual  variations  are  due  to  varying  proportions  of  silica  and  car- 
bonaceous matter  and  to  the  presence  or  absence  of  pyrite  and  other 
forms  of  iron.  In  the  western  part  of  the  field  pyrite,  the  chief 
impurity,  is  found  mainly  in  the  upper  part  of  the  seam.  The  lower 
clay  is  of  the  highest  grade.  It  is  probable,  however,  that  several 
feet  remaining  as  floor  are  equivalent  to  the  basal  portion  of  the  clay 
bed  in  Cheltenham.  In  that  district  it  is  common  to  regard  the  middle 
of  the  seam  as  best,  the  top  being  liable  to  contain  carb(5naceous  mat- 
ter and  the  basal  portion  being  siliceous.  In  the  southern  part  of  the 
field  it  is  customary  to  speak  of  the  clay  as  upper  and  lower,  the  for- 
mer being  of  the  highest  grade,  the  latter  being  lighter  colored  and 
more  siliceous. 
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USES. 

The  choicest  of  the  clay  is  sold  for  glasshouse  use.  At  several  of 
the  mines  the  clay  is  assorted,  that  which  is  freest  from  impurities 
being  sold  in  the  raw  condition  for  glass  pots.  Good  clay  which  con- 
tains a  small  amount  of  impurity  is  washed  and  then  sold  for  the  same 
purpose.  For  brick  it  is  not  necessary  that  the  clay  be  so  pure. 
Much  of  the  fire  clay  mined  in  Cheltenham  is  used  without  assorting 
for  ornamental  and  facing  bricks  or  is  mixed  with  various  other  clays 
to  make  sewer  pipe. 

FIRE    CLAY    IN    OTHER    LOCALITIES. 

About  9  miles  northwest  of  Cheltenham  and  3  miles  east  of  Creve 
CoBur  Lake  the  St.  Louis  Vitrified  and  Fire  Brick  Company  operates 
a  mine  and  factory.  The  base  of  the  fire  clay  bed  at  this  point  is 
nearly  90  feet  below  the  upland  level.  The'  thickness  of  the  clay  is  12 
to  15  feet,  12  feet  of  good  clay  being  mined.  It  is  practically  certain 
that  this  clay  is  at  the  same  horizon  as  that. mined  in  the  city  of  St. 
Louis.  This  mine  is  within  one-half  mile  of  the  western  outcropping 
edge  of  the  coal  measures.  Beneath  the  clay  is  a  sandstone  with  fer- 
ruginous nodules;  above  are  6  inches  of  slate  overlain  by  18  inches  of 
coal.  Above  that  are  55  feet  of  soft  shales,  mostly  of  a  red  color. 
Essentially  the  same  section  was  noted  in  drilling  at  the  St.  Louis  Clay 
Burning  Company's  plant,  one-half  mile  to  the  southeast.  At  this 
place,  it  is  said,  limestone  was  encountered  beneath  the  clay.  There 
is  also  a  fire  clay  mine  at  Malcolm  station,  southeast  of  Creve  Coeur 
Lake.     The  section  there  is  the  same,  including  the  18-inch  coal  seam. 

Fire  clay  has  long  been  known  north  of  Baden,  a  northern  suburb 
of  St.  Louis.  At  the  shale  quarry  of  the  St.  Louis  Portland  Cement 
Company  the  massive  shales,  which  are  mined,  are  underlain  by  from 
2  to  3  feet  of  black  shale  and  this  by  IJ  feet  of  coal,  beneath  which 
is  the  fire  clay. 

In  view  of  the  wide  separation  of  the  points  at  which  the  Chelten- 
ham fire  clay  seam  is  mined,  it  is  quite  probable  that  it  may  be  found 
at  many  places  where  no  prospecting  has  yet  been  done. 

SHALES. 

A  characteristic  feature  of  the  coal  measures  near  St.  Loub  is  its 
very  large  proportion  of  plastic  shales.  These  are  largely  used  in 
the  manufacture  of  vitrified  paving  brick,  both  in  St.  Louis  and  at 
points  farther  northwest,  near  Creve  Coeur  Lake.  This  shale  is  that 
which  appears  in  the  sections  above  the  fire  clay,  but  west  and  north 
of  the  city  it  occurs  in  thicker  and  more  continuous  beds,  of  uniform 
quality.  At  Castello  and  Malcolm  stations  almost  the  entire  40  to 
55  feet  intert^ening  between  the  loess  and  the  coal  seam  overlying 
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the  fire  clay  consists  of  workable  shale,  generally  of  a  red  or  brown 
color,  but  with  some  blue  shale  at  its  base. 

Similar  clays  from  a  place  4  miles  northwest  of  Glencoe,  a  station 
on  the  Missouri  Pacific  Railroad,  about  20  miles  west  of  St.  Louis, 
are  largely  used  in  St.  Louis  in  the  manufacture  of  terra  cotta  and 
sewer  pipe,  though  shales  from  this  vicinity  have  also  been  used 
extensively  for  brick.  Yellow  and  blue  shales  that  occupy  the  same 
stratigraphic  position  are  extensively  mined  at  Prospect  Hill,  a  few 
miles  north  of  St.  Louis,  and  used  in  the  manufacture  of  Portland 
cement,  being  mixed  for  that  purpose  with  the  St.  Louis  limestone. 

RED  BRICK. 

Many  yards  in  and  around  St.  Louis  are  making  red  brick  from  the 
loess,  which  is  commonly  called  ''yellow  clay.''  This  is  rarely  less 
than  10  to  15  feet  thick,  and  near  the  bluflFs  may  be  three  or  four 
times  that  thick.  It  diflFers  in  texture  at  different  depths,  the  upper 
portion  being  "stronger,"  more  clay-like,  and  less  mealy  than  the 
mam  body.  Partly  to  obtam  a  thorough  mixture  of  these  different 
grades  and  partly  to  allow  some  weeks  or  months  of  ''sweating,'' 
thus  reducing  all  lumps,  large  quantities  of  the  loess  are  commonly 
brought  in  from  the  pits  and  kept  under  shed  for  some  time  before 
using.  A  good  grade  of  red  brick  is  made,  and  the  supply  of  good 
loess  here  and  elsewhere  is  limitless. 


WHITE    CLAYS   OF   SOUTH   MOUNTAIN, 

PENNSYLVANIA. 


By  George  W.  Stose. 


INTRODUCTION. 

The  deposits  here  described  are  very  siliceous  clays  that  are  asso- 
ciated with  the  wash  and  decomposition  products  of  certain  Cam- 
brian strata  of  South  Mountain.  They  have  been  actively  mined  in 
the  vicinity  of  Mount  Holly  Springs,  Pa.,  6  miles  south  of  Carlisle, 
where  they  are  of  unusual  thickness  and  purity.  These  deposits 
have  been  previously  described  by  T.  C.  Hopkins  in  an  exhaustive 
report  on  the  clays  and  clay  industries  of  Pennsylvania,^  from  which 
some  of  the  data  in  this  paper  are  taken.  Several  new  mines  have 
been  opened  since  that  report  was  'prepared,  and  the  mine  and  plant 
of  the  Philadelphia  Clay  Company,  which  is  the  largest  mine  in  the 
region  and  was  formerly  closed  to  visitors,  was  thoroughly  inspected 
by  the  writer. 

TOPOGRAPHY  AND  GEOLOGY. 

South  Mountain  forms  a  rude  arc  of  a  circle  curving  from  Potomac 
River  at  Weverton  north  and  east  to  Susquehanna  River  south  of 
Harrisburg.  It  is  composed  of  several  parallel  ridges  and  interven- 
ing steep-sided  longitudinal  valleys.  The  larger  part  of  the  drainage 
of  the  mountain  area  passes  westward  through  rugged  water  gaps 
into  the  Cumberland  Valley,  a  low  rolling  limestone  valley  10  to  15 
miles  wide,  part  of  the  great  Appalachian  Valley  that  extends  from 
northern  Pennsylvania  to  central  Alabama. 

The  mountain  ridges  are  composed  largely  of  hard  sandstone  or 
quartzite  and  the  longitudinal  valleys  of  interbedded  shale.  These 
rocks  are  pf  Georgian  (Lower  Cambrian)  age,  fossils  of  that  age  having 
been  found  by  C.  D.  Walcott^  in  their  uppermost  beds — the  Antie- 
tam  sandstone.  They  form  an  anticlinorium,  with  vertical  or  over- 
turned dips  on  the  northwest  side.     In  the  core  of  this  anticline  pre- 

a  Ann.  Rept.  Pennsylvania  State  College  for  1899-1900,  appendix,  oflac.  doc.  No.  21. 
b  Bull.  U.  S.  Geol.  Survey  No.  134,  p.  24. 
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Cambrian  altered  basic  and  acidic  lavas  are  exposed.  The  Cumber- 
land Valley  is  composed  of  Cambro-Ordovician  limestones,  which  in 
the  eastern  part  of  the  valley  are  interstratified  with  shales  and  sili- 
ceous beds,  and  in  the  western  part  are  overlain  by  Utica  and  Eden 
shales.  All  of  the  rocks  are  closely  folded,  at  many  places  overturned, 
and  here  and  there  faulted;  and  a  southeast  cleavage  is  strongly 
developed  in  the  shales  and  softer  sandstone  layers  of  the  mountain 
and  in  the  limestone  adjacent  to  the  mountain. 

MODE   OF   OCCURRENCE   OF   THE   CLAY. 

From  the  plain  of  the  Cumberland  Valley  the  mountain  rises 
abruptly  in  a  continuous  straight  ridge  that  is  broken  here  and  there 
by  water  gaps.  The  clay  deposits  occur  at  the  northwestern  foot  of 
this  outer  ridge.  In  the  vicinity  of  Mount  Holly  Springs  they  are 
also  found  on  opposite  sides  of  an  interior  longitudinal  valley — that 
of  Mountain  Creek.  The  clay  is  associated  with  beds  of  sand  and 
colored  clays  and  with  the  wash  from  the  mountain  slope  above.  It 
is  nearly  everywhere  accompanied  by  secondary  deposits  of  iron  and 
manganese  ores.  The  clay  was  first  exposed  to  view  in  mining  the 
great  iron  deposits  of  this  region  twenty  or  more  years  ago,  but  its 
value  has  only  recently  become  known. 

One  is  inclined  to  conclude  at  first  sight  that  the  clay  is  a  trans- 
ported surficial  deposit;  that  it  was  derived  from  the  decomposition 
of  argillaceous  limestone  and  accumulated  at  the  base  of  the  slope  by 
creep  and  stream  action,  and  that  the  iron,  having  been  leached  out 
in  the  process  of  transportation,  was  deposited  in  the  adjacent  wash. 
Careful  study,  however,  shows  that  most  of  the  accumulations  have 
not  originated  in  this  way,  although,  no  doubt,  the  material  in  some 
places  has  moved  down  the  steep  slopes  on  which  it  originally  lay  and 
is  more  or  less  confused  with  surface  wash. 

The  fact  that  on  the  surface  the  white  clay  has  a  definite  relation 
to  the  upper  bed  of  the  mountain  sandstone  throughout  the  region 
is  very  significant.  Almost  invariably  the  sequence  in  the  old  mine 
pits  and  clay  prospects  is  (1)  colored  plastic  clay  containing  the  iron 
ore,  (2)  white  clay,  and  (3)  sandstone.  At  many  places  the  sandstone 
is  decomposed  to  loose  sand,  which  is  quarried  for  use  as  building 
material,  but  is  traceable  in  depth  to  hard  sandstone,  the  outermost 
bed  of  the  mountain  rock.  No  rock  exposures  occur  for  several  hun- 
dred feet  from  the  foot  of  the  mountain  in  the  vicinity  of  the  clay 
mines,  but  limestone  was  reported  in  mine  pits  close  to  the  white 
clay  beds,  and  beyond  much  doubt  the  colored  plastic  clays  in  which 
the  iron  ore  occurs  is  a  residuum  of  argillaceous  limestone.  The  sur- 
face relations  therefore  suggest  very  strongly  that  the  white  clay  is 
also  a  residual  product  of  some  argillaceous  sedimentary  rock.  The 
fragments  of  sandstone  contained  in  the  clay  were  probably  thin 
quartzitic  layers  or  lenses  in  the  origmaV  togV. 
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Hopkins  states^  that  ''the  white  clay  is  the  direct  decomposition 
product  of  light-colored  hydromica  slates  .which  occur  intercalated 
in  the  Cambro-Ordovician  limestone  and  in  the  Cambrian  slates, 
sandstones,  and  quartzite,"  and  mentions  several  places  where  he 
observed  the  change  from  clay  to  slate.  The  places  specifically 
mentioned — Latimore  and  Hensingersville — were,  unfortunately,  not 
visited  by  the  writer.  Latimore  is  located  on  the  southern  edge  of 
South  Mountain,  in  the  belt  of  old  volcanic  rocks,  and  the  clay  there 
is  undoubtedly  not  at  the  same  horizon  as  that  in  the  vicinity  of 
Mount  Holly  Springs,  which  will  be  referred  to  later. 

Clear  exposures  showing  a  change  from  clay  to  hard  rock  were  not 
seen  by  the  writer,  but  in  several  of  the  deeper  tunnels  the  white  clay 
is  hard  and  has  a  banded,  lamellar  structure,  resembling  slate,  and  a 
faint  greenish  tint.  The  section  in  the  Philadelphia  Clay  Com- 
pany's tunnel  positively  demonstrates  the  interbedded  relations  of 
the  clay.  Beyond  the  loose  rock  and  wash  at  the  entrance  the  tunnel 
passes  through  several  hundred  feet  of  gray  shaly  clay  and  less 
altered  hydromica  schist  seamed  with  limestone,  ocher  beds,  hard 
brownish  altered  dolomite,  soft  yellow  clay  containing  iron  ore,  a 
thick  stratum  f^f  white  clay,  to  the  quartzitic  wall  rock.  It  is  con- 
cluded, therefore,  that  the  larger  deposits  of  white  clay  are  original 
sedimentary  beds  directly  overlying  the  Antietam  sandstone  and 
underlying  the  limestone  of  the  valley.  The  ''soaps tone"  used  at 
Pine  Grove  Furnace  in  the  manufacture  of  brick  is  a  light  greenish 
sericite  schist  with  quartz  phenocrysts,  an  altered  rhyolitic  rock 
similar  to  other  schist  seen  in  the  volcanic  belt,  which  crushes  readily 
to  a  fine  white  clayey  powder  and  is  probably  the  same  as  the  beds  at 
Latimore,  from  which  the  local  white  clay  described  by  Hopkins  was 
derived.  These  volcanic  schists  may  be  the  ultimate  source  of  all 
the  white  clay,  in  which  case  the  later  sedimentary  white  beds  were 
derived  from  their  decomposition  and  were  deposited  near  the  vol- 
canic schist  outcrops  in  early  Cambrian  time.  The  clay  sediments 
are  certainly  variable  in  thickness  and  irregular  in  distribution,  but 
they  are  thickest  in  Mountain  Creek  valley,  near  the  volcanic  belt. 

Analyses  show  that  the  white  clays  are  very  siliceous,  very  low  in 
iron,  and  high  in  alkalies.  Hopkins  compared  analyses  of  white 
clays  with  those  of  hydromica  slates  from  which  they  were  derived, 
the  samples  having  been  taken  in  adjoining  districts,  and  found  that 
the  most  noticeable  difference  was  in  the  greater  amount  of  potash 
contained  in  the  slates.  This  difference  is  due  to  leaching  out  of  the 
potash  in  the  process  of  disintegration.  Analyses  of  two  white  clays 
from  this  area  and  of  the  volcanic  sericite  schist  from  Pine  Grove 
Furnace  are  given  below. 

o  Ann.  Rept.  Pennsylvania  State  College  for  1899-1900,  appendix,  oflSc.  doc.  No.  21,  p.  11. 
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Analyses  of  white  clay  and  original  sericite  schist. 

Sericite 

schist. 

Pine 

Grove 

Fumade, 

Pa.  a 

Crude 
white 
clay, 
Heniy 
Clay, 
Pa.  a 

Crude 
white 
clay. 

Pa.  6 

SiOa 

73.45 

.21 

13.77 

2.76 

None. 

1.22 

.18 

4.47 

.03 

3.08 

69.61 

.90 

16.83 

.95 

.11 

1.51 

.08 

3.41 

.14 

6.35 

84.05 

Ti02 

AljOa 

9.44 

FejOa  (total  iron) 

.28 

CaO 

.23 

Mgo r 

1.35 

Na»0 

.28 

K2O 

2.37 

P2O5 

Loss  in  ignition 

2.18 

Total 

99.17 

99.89 

100.18 

a  W.  T.  Schaller,  analyst. 

b  Analyzed  in  the  chemical  laboratory  at  the  Pennsylvania  State  College. 

DISTRIBUTION. 

White  clay  occurs  along  the  west  foot  of  South  Mountain  from  the 
Maryland  State  line  to  Susquehanna  River.  In  the  southern  part  of 
the  tract  the  beds  are  thin  and  have  not  been  worked  with  profit. 
The  southernmost  opening  seen  was  Mr.  Rock's  pit,  at  Tomstown,  5 
miles  north  of  the  Maryland  line,  where  a  small  amount  of  white  clay 
is  associated  with  white  sand,  which  is  quarried  for  building  purposes. 
Old  ore  pits  are  numerous  in  the  vicinit}^  and  mining  on  a  very  small 
scale  was  in  progress  in  an  adjacent  pit.  East  of  Fayette ville  clay 
has  been  obtained  from  near  Black  Gap,  and  prospects  are  now  owned 
by  Amos  B.  Lehman,  of  Fayette  ville.  Many  pockets  of  the  clay  are 
found  in  the  extensive  sand  deposits  quarried  south  of  the  pike. 
Clay  is  reported  by  Hopkins  along  the  foot  of  the  mountain  from 
Fayette  ville  north  to  Shippensburg,  where  small  prospects  occur,  but 
no  large  bodies  of  pure  clay  have  been  found.  The  reports  of  the 
Second  Geological  Survey  of  Pennsylvania  on  the  iron  industry  of 
this  region,  however,  show  that  thick  beds  are  associated  with  the  ore. 

The  profitable  clay  industry  is  centered  about  Mount  Holly  Springs, 
near  the  east  end  of  South  Mountain.  Here  the  clay  occurs  sparingly 
along  the  north  face  of  the  mountain  and  in  greater  quantity  on  both 
sides  of  the  interior  longitudinal  valley  of  Mountain  Creek.  There  are 
a  number  of  abandoned  clay  workings  on  the  north  slope,  on  both 
sides  of  the  gap.  The  clay  is  rather  intimately  mixed  with  sand  and 
is  of  limited  extent,  and  is  probably  in  part  transported  from  its  orig- 
inal bedded  relations.  At  the  large  sand  quarries  in  the  town  of 
Mount  Holly  Springs,  colored  clay  has  been  encountered  which  is  used 
by  the  Mount  Holly  Brick  and  Clay  Company  in  the  manufacture  of 
bricks.  White  clay  was  seen  in  several  prospects  above  the  Walker 
sand  mine  and  in  the  Diven-Holly  sand  mine,  but  the  deposits  appear 
to  be  thin.  It  is  also  known  to  occur  on  the  Stuart  tract,  2  miles  to 
the  west  along  the  mountain,  where  phosphorous  ot^  ^^-^^l^islw^  x^ 
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white  clay  is  now  mined  by  the  American  Phosphorus  Company. 
The  data  obtainable  indicate  that  the  beds  on  the  north  face  of  the 
mountain  are  not  thick  enough  to  be  mined  profitably  on  a  large  scale. 
The  most  extensive  and  valuable  clay  deposits  occur  in  the  valley 
of  Mountain  Creek.  This  valley  is  a  syncline  inclosing  Shenandoah 
limestone,  nearly  all  of  which  has  been  removed  by  erosion,  or  is  so 
deeply  weathered  that  its  outcrops  are  concealed.  It  has  been 
observed  at  only  a  few  places  in  the  valley.  The  clay  occurs  along  the 
margins  of  the  limestone  trough  next  to  the  quartzite  of  the  mountain. 
The  same  clay  belt  extends  over  the  divide  into  the  small  valley 
draining  eastward,  where  a  mine  is  in  operation.  Elsewhere  along 
the  slopes  of  the  mountain,  farther  east,  there  are  scattered  prospects, 
but  only  those  associated  with  the  abandoned  iron  pits  south  of  Boil- 
ing Springs  were  visited  by  the  writer. 

CLAY  MINES  IN   OPERATION. 

The  operating  clay  mines  are  all  located  in  the  valley  of  Mountain 
Creek  and  its  extension  over  the  low  divide  to  the  east.  As  stated 
above,  numerous  undeveloped  prospects  and  abandoned  clay  pits 
occur  along  the  mountain  front  in  the  vicinity  of  Mount  Holly  Springs, 
and  a  small  amount  of  clay  is  mined  at  the  sand  pits  in  the  town. 

Cumherlaml  Clay  Company. — The  eastern  end  of  Mountain  Creek 
valley  east  of  Upper  Mill  has  been  extensively  prospected  by  the  Cum- 
berland Clay  Company,  J.  L.  Musser,  manager,  which  has  opened  a 
mine  on  the  north  side  of  the  valley.  A  test  shaft  150  feet  deep  w^as 
sunk  in  a  prospect  near  the  sandstone  outcrop,  all  but  23  feet  of  which 
was  reported  to  be  in  white  clay.  About  70  feet  below  this  opening 
a  tunnel  runs  northward  into  the  mountain.  This  had  been  driven 
in  about  225  feet  at  the  time  of  the  writer's  visit,  but  according  to 
reports  is  now  in  about  350  feet,  and  at  its  end  a  branch  drift  has  been 
run  about  175  feet  eastward  in  the  clay.  Some  of  the  clay,  possibly 
a  considerable  portion,  is  white  and  of  good  grade.  The  shaft  above 
will  soon  be  connected  with  this  tunnel  as  an  air  shaft  and  means  of 
escape.  It  is  reported  that  the  sandstone  wall  in  the  west  branch  of 
the  tunnel  was  pierced  and  found  to  be  but  2^  feet  thick,  and  that 
gray  and  white  clay  again  occur  back  of  it.  The  sandstone  is  probably 
a  thin  bed  in  the  slate  overlying  the  main  sandstone. 

The  main  working  tunnel,  which  is  fitted  with  a  gravity  tram- 
road,  is  156  feet  lower.  This  was  650  feet  long  when  visited,  but  is 
now  reported  to  be  864  feet  long  and  to  terminate  in  the  white  clay. 
About  800  tons  of  crude  clay  have  been  mined  and  shipped  recently 
from  this  property  and  about  500  tons  more  are  ready  for  shipment. 
Some  of  the  clay  is  hard  and  compact  and  shows  slaty  cleavage,  but 
is  nevertheless  of  high  grade. 

The  gravity  tram  conveys  the  clay  to  the  plant,  which  was  in  pro- 
cess of  construction  when  visited.     The  building,  six  large  cement 
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settling  tanks,  and  two  water  tanks  were  already  constructed.  It  is 
planned  to  handle  the  clay  from  washers  through  flotation  troughs 
into  the  settling  tanks  hy  gravity.  The  capacity  is  to  be  100  tons 
a  day.  The  refined  clay  will  have  to  be  hauled  by  wagon  nearly 
one-half  mile  to  the  railroad  siding. 

Hopkins  reports  that  clay  was  mined  at  the  old  Medlar  ore  bank, 
just  south  of  upper  mill,  by  the  Mount  Holly  Brick  and  Clay  Com- 
pany during  1898  and  1899,  but  that  work  there  was  abandoned 
probably  because  the  supply  was  exhausted. 


Fio.  12.— Map  ol  South  Mountain  in  tho  vicinity  of  i 
tbe  rook  tDiuistions.  VR,  prp-Cambrliui  volcanli 
Cambrian  limestone. 

Philadelphia  Clay  Company. — The  main  body  of  clay  thus  far  dis- 
covered in  the  region  occurs  along  the  north  side  of  Mountain  Creek 
from  the  gap  westward  to  Henry  Clay.  The  Philadelphia  Clay  Com- 
pany, located  at  the  old  Crane  ore  bank,  is  the  most  important  mine 
in  the  area,  and  its  property  extends  from  the  Mount  Holly  Paper 
Company's  land  at  the  gap  to  the  York  Clay  mine,  li  miles  west. 
Mr.  S.  R.  Still,  the  manager,  courteously  showed  the  writer  the  mine 
and  works  and  gave  all  information  desired. 

The  clay  was  originally  prospected  along  outcrops  in  the  old  mine 
pits  on  the  upper  slopes  and  by  a  tunnel  100  feet  above  the  present 
opening.     The  mill  is  located  about  60  feet  above  the  creek  and  is 


/. 
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reached  by  a  spur  from  the  Hunters  Run  and  Slate  Belt  Railroad. 
The  main  tunnel  enters  on  the  level  of  the  mill  and  extends  about 
1,000  feet  into  the  mountain  to  the  sandstone  ''wall"  rock.  Beyond 
the  several  hundred  feet  of  surface  wash  at  the  entrance  there  are 
200  to  300  feet  of  gray  shaly  clay  and  altered  sericite  schist,  30  to 
40  feet  of  yellow  ocher,  10  to  15  feet  of  hard  yellow  dolomite,  65  feet 
of  iron  ore  in  clay,  and  about  200  feet  of  white  clay,  streaked  with 
iron  near  the  ore,  hnt  largely  pure  white.  The  clay  contains  grains 
and  -scattered  masses  of  white  sandstone  up  to  2  feet  across  and 
occasional  beds  and  streaks  of  white  sand.  The  mountain  sand- 
stone lies  back  of  the  clay,  but  was  not  seen  by  the  writer  because 
the  part  of  the  tunnel  that  reached  it  had  been  mined  out  and 
caved  in. 

The  white  clay  in  this  mine  is  at  most  places  saturated  with  water 
and  as  soon  as  it  is  encountered  yields  water  freely,  which  carries 
the  clay  with  it.  The  flow  pf  water  here  is  incessant,  but  the  grade 
of  the  tunnel  is  steep  enough — 1  in  12 — to  carry  it  off  quickly. 
When  ponds  in  old  ore  pits  are  tapped  the  sudden  flooding  of  the 
mine  is  a  source  of  danger  to  the  workmen.  It  is  impossible  to  keep 
a  drift  in  the  white  clay  open  for  any  length  of  time,  because  the 
irresistible  pressure  of  the  semifluid  clay  breaks  the  timbers  and  a 
cave-in  results.  It  is  said  that  the  Ufe  of  timbers  in  the  white  clay 
is  but  three  weeks.  Consequently  the  permanent  drifts  for  tram- 
ways are  maintained  in  the  yellow  clay  just  outside  the  white  clay. 

The  main  tunnel  enters  normal  to  the  mountain  with  a  grade  of 
1  in  12,  and  at  the  outer  edge  of  the  clay  lateral  drifts  branch  off  in 
both  directions.  As  these  are  to  be  permanent  drifts  for  tramways 
they  are  driven  in  the  yellow  clay  outside  the  white.  From  these 
lateral  drifts  crosscuts  or  working  entries  are  driven  at  intervals  of 
60  feet  throusrh  the  clay  to  the  wall  rock. 

The  Philadelphia  Company^s  method  of  mining  is  different  from 
that  in  use  in  the  other  mines  visited,  because  the  deposits  are 
peculiarly  situated.  They  outcrop  high  up  on  the  steep  slopes  of 
the  mountain  and  stand  nearly  vertical,  so  that  they  can  be  mined 
like  veins,  by  stoping  up  along  the  bedding  from  a  tunnel  be- 
neath. Stoping  is  begun  at  the  farther  end  of  one  of  these  entries 
for  about  30  feet  on  either  side  until  a  large  room  is  opened,  when 
the  props  and  pillars  are  removed  and  the  clay  soon  crumbles  or 
flows  in.  It  usually  continues  to  flow  in  until  the  clay  overhead  is 
exhausted  and  the  wash  from  the  surface,  several  hundred  feet 
above,  comes  down,  but  sometimes  further  stoping  is  necessary. 
About  1,000  mine  carloads  are  obtained  from  a  single  stope  in  this 
way,  and  as  high  as  4,000  are  reported. 

When  the  stope  is  exhausted  the  drift  is  robbed  back  and  another 
stqpe  is  opened  and  worked  in  the  same  way,  and  this  is  continued 
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until  the  entire  width  of  the  clay  belt  is  mined.  The  adjoining 
crosscuts  are  then  mined  in  the  same  way.  By  this  method  a  dis- 
tance of  250  feet  to  the  north  ot  the  main  tunnel  and  700  feet  to 
the  south  have  been  mined  out. 

The  white  clay  belt  is  variable  in  width,  ranging  from  120  feet  to 
400  feet  in  places,  which  makes  the  lateral  tramway  drifts  very 
crooked  and  long,  and  it  is  the  intention  of  the  company  to  con- 
struct a  new  diagonal  tunnel  to  intercept  the  farthest  workings  at 
the  south  and  thus  tumish  a  direct  outlet  for  the  tram  cars. 

The  Philadelphia  Company's  mill  and  mine  are  the  largest  and  best 
equipped  in  the  region.  The  mill  is  a  long,  low  building  located  just 
below  the  mouth  of  the  tunnel.  The  mine  cars  bring  the  crude  clay 
to  the  upper  floor,  where  it  is  shoveled  into  blunger  mills  and  churned 
with  pure^  filtered  mountain  water  by  a  set  of  oppositely  revolving 
paddles.  After  thorough  mixing  it  passes  as  a  milky  hquid  or  shp 
over  inclined  tables  of  fine  wire  screen,  which  oscillate  rapidly  side- 
wise  and  remove  the  coarser  particles  of  sand.  The  slip  is  then  run 
over  steeply  inclined  screens  of  very  fine  silk  bolting  cloth,  200  meshes 
to  the  inch,  or  finer,  the  clay  and  water  playing  upon  them  from  jets 
above.  Only  the  impalpable  clay  passes  through,  the  coarser  mate- 
rial sliding  off  on  the  surface.  This  patented  process  produces  the 
clay  of  the  finest  grade,  but  the  waste  from  it  is  excessive.  It  is 
unfortunate  that  some  use  can  not  be  made  of  the  fine  clayey  sand 
that  is  now  poured  out  on  the  great  white  dump  that  disfigures  the 
landscape. 

The  purified  slip  is  collected  in  large  vats  and  distributed  to  the 
settling  tanks,  where  bluing  is  added  to  whiten  the  clay.  After 
standing  twenty-four  hours  the  water  is  drawn  off  from  the  top  and 
is  used  again.  The  thick  slip  in  the  bottom  of  the  tanks  is  pumped 
into  filter  presses  and  forced  in  until  160  pounds  pressure  is  obtained 
and  kept  at  this  pressure  until  the  water  ceases  to  run  out.  These 
presses  are  made  of  a  series  of  double  concave  iron  plates,  2  feet 
square,  with  vertical  grooves  on  the  concave  surfaces.  A  double 
sheet  of  heavy  canvas  is  placed  over  the  surface  of  the  plates  to  let 
the  water  out  and  to  prevent  the  clay  from  adhering  to  the  iron. 
The  clay  slip  is  forced  into  the  presses  through  a  hole  in  the  center 
of  the  plates,  and  when  the  spaces  are  filled  and  pressure  is  exerted 
the  water  passes  through  the  canvas  and  down  the  grooves  in  the 
plates.  The  molded  corrugated  cakes  of  clay,  IJ  inches  thick,  are 
conveyed  by  belt  to  a  tile  machine,  where  they  are  remolded  into 
6-inch  tiles  3  feet  in  length,  so  they  will  dry  rapidly  in  the  ovens,  to 
which  they  are  carried  by  small  cars. 

The  clay  is  sold  eitlier  in  bulk,  in  small  pieces,  or  pulverized,  in 
bags.  About  one-half  the  output  is  pulverized.  The  mill  has  a 
capacity  of  100  tons  a  day  and  an  average  production  of  60  tons.     It 
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is  equipped  with  6  blunger  mills,  7  oscillating  screens,  104  bolting- 
cloth  screens,  17  settling  tanks  (some  of  30,000  gallons  capacity),  16 
filter  presses,  and  1*5  ovens  of  12  cars  capacity  each.  The  value  of 
the  clay  is  reported  to  be  $5.50  a  ton.  A  royalty  of  25  cents  a  ton 
of  refined  clay  is  paid  to  the  owner  of  the  land. 

Yoric  Clay  Company. — The  mine  of  the  York  Clay  Company  adjoins 
the  Philadelphia  mine  to  the  west.  The  mill  was  examined,  but  not 
the  mine,  as  the  manager,  John  Allen,  was  absent  at  the  time  of  the 
writer's  visit.  The  practice  here  has  been  to  mine  by  large  shaft  to 
the  maximum  depth  profitable,  which  is  about  90  feet,  and  then 
abandon  this  for  a  new  shaft.  At  the 'time  of  the  writer's  visit  the 
company  was  operating  in  a  round  shaft  21  feet  across  and  50  feet  in 
depth,  with  steam  bucket  hoist.  The  clay  is  hauled  by  wagon  700 
feet  to  the  mill.  The  company  also  has  a  tunnel  150  feet  into  the 
mountain  to  the  clay  and  a  drift  along  the  bed  250  feel.  Stoping 
had  been  carried  20  feet  above  the  tunnel.  A  small  amount  of  iron 
ore  was  passed  through  before  reacliing  the  clay.  The  beds  seem  to 
lie  flatter  here  than  at  the  Philadelphia  mine,  although  it  may  be 
that  the  drifts  have  not  yet  been  carried  back  far  enough  to  strike 
the  original  bedded  deposit. 

The  product  is  refined  in  the  company's  mill  on  the  property.  It 
first  passes  through  two  washers  fitted  with  vertical  paddles  and  then 
one  with  horizontal  paddles,  from  which  it  flows  as  a  thin  slip  through 
about  400  feet  of  very  gently  inclined  flotation  troughs  built  side  by 
side  in  50-foot  lengths.  The  sand  is  deposited  in  these  troughs  and 
is  removed  by  shovel,  the  clay  remaining  in  suspension.  The  slip  is 
further  filtered  through  revolving  wire  screens  and  collected  in  set- 
tling tanks,  of  which  there  are  five.  After  about  two  days  the  clear 
water  is  drawn  off  and  the  thick  slip  is  forced  through  presses,  3  in 
number,  similar  to  those  of  the  Philadelphia  Clay  Company.  The 
corrugated  cakes  are  transferred  b}^  cars  directly,  to  the  drying  tunnel, 
which  is  heated  by  steam  pipes  to  190°.  The  dried  clay  that  is  not 
sold  in  bulk  is  pulverized  in  an  old  thrashing  machine,  with  a  cup 
chain  attachment  which  delivers  the  powder  into  a  vertical  bin  for 
bagging.  The  capacity  of  the  mill  was  reported  to  be  be.tween  10  and 
13  tons  a  day. 

The  Mount  HoUy  Brick  ami  Clay  Company. — Through  the  courtesy 
of  the  manager,  Charles  Blissard,  much  information  regarding  the 
plant  and  mines  of  this  company  was  obtained,  and  the  property 
was  carefully  inspected.  The  brick  plant  and  clay  refinery  are  located 
in  the  town  of  Mount  Holly  Springs,  where  they  were  constructed 
with  the  expectation  that  the  clay  mined  in  the  vicinity  of  the  town 
would  furnish  an  amply  supply  for  operating  the  refinery  and  that 
the  siliceous  waste  and  impure  clay  could  be  used  in  the  brick  plant. 
The  supply  of  white  clay,  however,  was  soon  exhausted,  and  in  1898 
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the  company  opened  up  the  deposits  at  the  old  Medlar  ore  bank,  at 
Upper  Mill,  and  the  Henry  Clay  deposits,  4  miles  above,  on  the  south 
side  of  Moimtain  Creek.  The  Medlar  pij  has  since  been  abandoned 
and  the  company  gets  its  supply  solely  from  Henry  Clay,  paying  a 
royalty  of  10  cents  a  ton,  which  makes  the  cost  of  crude  clay  at  the 
mine  about  $1.30  a  ton. 

The  Henry  Clay  mine  is  operated  by  drifts  from  a  shaft  47  feet  deep 
in  the  rear  of  the  old  ore  pit.  The  main  drift  runs  125  feet  southeast- 
ward from  the  shaft,  and  from  its  end  lateral  drifts  parallel  to  the 
mountain  branch  off.  A  large  amount  of  pure  clay  is  exposed  in  these 
drifts  and  is  being  mined  by  side  entries  and  stoping.  In  a  minor 
drift,  100  feet  long,  which  runs  northwestward  from  the  shaft  toward 
the  valley,  the  white  clay  is  mixed  with  yellow  clay  and  iron  ore,  and 
the  purer  portions  have  been  largely  mined  out.  This  part  of  the 
deposit  may  not  be  in  its  original  position,  for  it  may  have  moved 
down  the  slope  and  become  intimately  mixed  with  the  overlying  clay 
and  iron  ore,  but  the  portion  in  the  southeast  drift  is  probably  in  its 
normal  position  beneath  the  iron-bearing  clay.  It  appears  to  lie  flat 
or  to  rise  gently  eastward  and  probably  forms  the  east  side  of  the  syn- 
cline.  The  mine  is  equipped  with  steam  hoist  and  tram  cars.  As  now 
operated  its  capacity  is  33  tons  a  day,  all  of  which  is  used  by  the  brick 
plant  at  Mount  Holly  Springs  in  the  crude  dried  form,  none  being 
refined  at  present. 

On  the  opposite  side  of  the  old  ore  pit,  about  150  feet  northeast  of 
the  clay  opening,  a  shaft  had  been  sunk  71  feet  in  ore-bearing  clay, 
which  was  being  mined  for  iron  by  the  company,  which  had  installed 
for  this  purpose  a  steam  bucket  hoist,  an  ore  washer,  and  a  gravity 
tramway  to  the  railroad  siding.  About  15  tons  a  day  were  being 
mined. 

The  refinery  at  the  brick  plant  has  a  capacity  of  30  to  40  tons  a  day 
and  is  furnished  with  three  triple  vertical  blungers  with  revolving  ver- 
tical slatted  grates,  long  flotation  troughs,  rotary  fine  wire  screens,  10 
settling  vats,  10  presses,  and  a  12-track  tunnel  drier.  The  siliceous 
waste  extracted  by  the  refinery  process  was  found  to  be  too  short 
grained  to  make  into  bricks;  in  fact  the  crude  clay  itself  needs  a 
binder  of  plastic  clay  to  give  it  body,  and  since  the  production  from 
the  mine  is  no  more  than  sufficient  to  supply  the  brick  plant,  the 
refinery  has  been  shut  down  for  some  time. 

The  Mount  Holly  Company  makes  an  excellent  hard,  semi  vitreous 
brick,  for  which  there  is  a  ready  market  at  the  price  of  $20  a  thousand. 
The  light  color  of  the  bricks,  cream  to  light  buff,  makes  them  very 
desirable  for  the  fronts  of  buildings,  while  their  hardness  meets  the 
requirement  for  paving. 

The  clay  from  the  mine  at  Henry  Clay  has  the  necessary  ingredients 
to  produce  a  vitrified  brick,  but  has  not  enough  body  to  hold  its>  sK^^^ 
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without  cracking  when  being  burned.  Other  clays  sufficiently  free 
from  iron  and  manganese  not  to  bum  red  must  be  mixed  with  it  to 
give  it  cohesiveness.  Purple  clays  from  the  sand  mines  at  Mount 
Holly  Springs  and  black  clays  from  the  northeast  side  of  the  gap  are 
used  to  a  small  extent,  but  a  large  part  of  the  binder  comes  from  New 
Jersey  and  Maryland.  The  color  of  the  black  clay  is  due  to  organic 
substances,  which  burn  off  in  the  kiln.  Because  of  the  siliceous  char- 
acter of  the  crude  white  clay  additional  sand  is  not  needed,  but  a 
certain  per  cent  of  grog  (ground  brick)  is  added. 

The  material  is  first  ground  in  a  dry  pan,  an  iron  cylinder  with  two 
large  iron  wheels  or  mulls,  which  revolve  when  the  bottom  of  the  cylin- 
der is  rotated.  The  powdered  material  is  conveyed  from  the  bottom 
by  pan  elevators  to  a  revolving  sieve,  from  which  the  tailings  auto- 
matically return  to  the  dry  pan.  The  screened  mixture  passes  to  the 
temperer  or  pug,  a  horizontal  rotating  mixer,  where  water  in  the  form 
of  steam  is  added,  and  is  then  delivered  by  gravity  to  the  top  of  a 
brick  machine,  in  which  2  vertical  and  2  horizontal  augers  thoroughly 
mix  the  clay  and  destroy  grain.  The  brick  column  is  conveyed  by  a 
continuous  belt  to  the  cutter,  the  speed  of  which  is  automatically 
regulated  by  the  speed  of  the  belt.  Fifteen  bricks  are  cut  at  a  time, 
and  are  separated  by  passing  onto  a  belt  moving  with  greater  speed. 
They  are  fed  by  hand  into  two  double  pressing  machines,  where  they 
are  shaped  under  light  pressure  and  stamped  *'Mt.  Holly.''  If  bricks 
are  delivered  too  rapidly  to  be  .pressed,  the  surplus  are  returned  to  the 
pug  by  elevator  and  belt. 

The  bricks  are  dried  in  a  12-track  steam  drier  128  feet  long.  The 
cars,  which  carry  440  bricks  each,  are  run  into  the  drier  at  one  end  and 
removed  at  the  opposite  end,  taking  about  two  days  in  the  passage. 
The  temperature  is  140°  at  the  ends.  The  bricks  are  finally  fired  in 
down-draft  kilns  with  large  smokestacks  at  the  ends.  The  furnaces, 
with  small  smokestacks,  are  on  the  sides.  Five  kilns  were  in  opera- 
tion, the  largest  of  188,000  capacity,  with  a  total  capacity  of  600,000 
per  month  and  an  output  of  between  400,000  and  500,000  a  month. 
The  kiln  is  fired  to  cone  8  (2,354°)  in  the  upper  part,  and  the  bum  is 
completed  in  about  a  week. 

Laurel  Forge  and  Pine  Grove  Furnace. — At  Laurel  Forge,  1  mile 
above  Henry  Clay,  pure  white  clay  occurs  in  abandoned  iron  pits,  where 
it  is  now  mined  on  a  small  scale  and  used  in  the  manufacture  of  brick 
by  the  Fuller  Brick  and  Slate  Company,  of  Pine  Grove  Furnace,  2  miles 
farther  up  the  valley.  It  is  mixed  with  pale-green  sericite  schist, 
locally  called ''  soapstone,''  for  the  manufacture  of  light-colored  pressed 
brick.  Red  pressed  bricks  are  now  being  made  from  local  red  clay 
and  black  slate  by  the  South  Mountain  Mining  and  Iron  Company, 
Allen  Butler,    superintendent.      The  bricks   are   dry  pressed,   and 
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although  handsome  and  ornamental  they  are  more  absorbent  than 
the  vitrified  brick  made  of  the  Henry  Clay  stock. 

Harrishurg  Clay  Company. — The  Harrisbm*g  Clay  Company  works 
the  only  active  mine  outside  of  Mountain  Creek  Valley.  It  is  in  the 
same  general  syncline,  however,  just  over  the  divide  from  that  of  the 
Cumberland  Clay  Company.  Although  it  is  a  small  plant  it  produces 
clay  of  very  high  grade,  said  to  be  as  pure  as  any  in  the  district. 

The  mine  is  on  low  ground  and  is  operated  by  a  short  inchne  and 
tunnel  running  in  about  20  feet  to  the  clay  and  60  feet  west  with  the 
clay.  It  is  operated  by  tram  and  steam  hoist.  The  bed  of  clay 
appears  to  be  rather  thin  and  not  much  stoping  can  be  done.  If  it  is 
a  bedded  deposit,  the  formations  must  lie  nearly  flat  in  the  bottom  of 
the  syncline,  but  it  may  have  moved  to  this  position  from  the  steep 
slopes  above.  Another  tunnel  was  started  farther  south,  but  had  not 
yet  reached  the  deposit.  The  clay  is  hauled  by  wagon  several  hun- 
dred feet  to  the  refinery,  which  is  equipped  with  1  horizontal  washer 
similar  to  the  screw-and-blade  type  of  ore  washer,  flotation  troughs, 
2  settling  tanks,  2  presses,  and  2  ovens  of  20  cars  capacity.  The 
production  of  this  plant  is  about  7  tons  a  day,  which  has  to  be  hauled 
one-half  mile  to  the  imilroad. 

USES    OF   WHITE   CLAY. 

Paper  manufacture. — Pure  white  clay,  such  as  is  obtained  from  the 
South  Mountain  factories,  is  used  chiefly  in  the  manufacture  of  paper. 
Wall  paper,  the  cheaper  writing  papers,  and  all  paper  requiring  a 
smooth,  absorbent  surface  for  fine  printing  are  made  in  part  of  clay, 
or  some  other  mineral,  such  as  pulverized  calcium  sulphate  or 
barium  sulphate.  The  advantages  of  the  South  Mountain  clay  over 
other  substances  for  this  purpose  is  its  white  color,  freedom  from 
iron,  fine  grain,  absorptiveness,  and  its  Ught  weight,  which  causes  it  to 
remain  in  suspension.  The  clay  is  made  into  a  thin  cream  with  water 
and  a  small  amount  of  resin  sizing  to  make  it  adhere  to  the  fibers  of 
the  paper  body,  and  is  fed  into  the  paper-machines  with  the  pulp. 
The  amount  of  clay  should  not  exceed  10  per  cent  in  paper  for  per- 
manent publication,  but  for  chromolithographs  and  publications  of 
temporary  value,  35  to  40  per  cent  of  clay  may  be  used,  as  the  ink  is 
absorbed  more  rapidly  and  the  impression  is  clearer. 

Brick  and  tile  manufacture. — Excellent  building  brick  of  light  color 
are  made  from  the  unrefined  clay,  but  it  requires  an  admixture  of  a 
more  plastic  clay  to  give  it  body.  The  potash  which  it  contains 
causes  it  to  fuse  readily,  and  the  brick  acquires  a  semivitreous  texture, 
which  makes  it  both  hard  and  impervious — quahties  which  adapt  it  to 
street  paving  and  to  exterior  finishing.  Its  pleasing  color  also  adds 
to  its  attractiveness  for  building  purposes.     The  Mount  Holly  Brick 
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and  Clay  Company  are  engaged  in  the  manufacture  of  such  brick,  and 
the  Pennsylvania  Tile  Works,  at  Aspers  (Bendersville  station,  on 
Gettysburg  and  Harrisburg  Railroad),  was  reported  by  Hopkins  to  be 
manufacturing  white  encaustic  or  enameled  tile.  The  South  Mountain 
Mining  and  Iron  Company,  of  Pine  Grove  Furnace,  is  manufacturing 
unvitrified  pressed  brick. 

Other  uses, — As  pointed  out  by  Hopkins,  the  white  clay  possesses 
many  of  the  requirements  of  the  potter's  mixture  for  china  ware. 
Although  it  is  more  siliceous,  higher  in  potash,  and  less  plastic  than 
ball  clay,  which  is  the  clay  used  in  pottery  manufacture,  the  proper 
mixture  apparently  can  be  readily  obtained  by  adding  to  it  corre- 
spondingly less  silica  and  feldspar  than  is  customary,  the  exact 
proportions  to  be  determined  by  chemical  analyses.  The  plasticity 
and  cohesiveness  may  also  need  to  be  increased  by  the  addition  of  a 
small  amount  of  ball  clay,  as  for  brick  manufacture. 

It  is  known  that  white  clay  is  used  as  an  adulterant  in  various 
substances,  especially  in  paint.  Some  of  the  clay  from  this  area  may 
be  sold  for  this  purpose.  Hopkins  also  mentions  that  some  of  it  is 
used  for  calcimining,  for  which  it  is  well  adapted. 


CLAYS   AND    SHALES   OF    CLARION    QUAD 
R ANGLE,  CLARION  COUNTY,  PA. 


By  Edwin  F.  Lines. 


INTRODUCTION. 

Both  clays  and  shales  are  abundant  within  the  Clarion  quadrangle. 
Shales  that  are  probably  suitable  for  the  manufacture  of  brick  and  tile 
are  scattered  over  most  of  the  region,  and  in  some  places  are  readily 
accessible  to  lines  of  transportation.  The  clays  include  both  the  flint 
and  plastic  varieties,  but  the  latter  have  been  little  worked.  The 
workable  deposits  of  flint  clay  so  far  known  are  confined  to  the  north- 
em  part  of  the  area.  This  clay  was  formeriy  shipped  to  a  consider- 
able extent  as  raw  material,  although  it  had  to  be  hauled  several 
miles  by  wagon  to  the  railroads,  but  it  has  not  been  mined  for  some 
time,  and  the  old  strippings  are  now  largely  covered  up.  There  has 
been  a  recent  revival  of  interest  in  the  clay,  however,  as^  result  of  the 
beginning  of  the  construction  of  a  new  railroad  which  will  pass  near 
some  of  the  best  deposits. 

LOCATION  AND  AREA. 

The  Clarion  quadrangle  is  in  Clarion  County,  except  a  few  square 
miles  in  its  southeast  comer,  which  extend  into  Armstrong  County. 
Its  north  boundary  passes  just  south  of  Shippensville,  the  south 
through  New  Bethlehem,  the  east  a  short  distance  within  the  east 
county  boundary,  the  west  just  west  of  Sligo.  The  quadrangle  com- 
prises approximately  225  square  miles,  a  little  more  than  one-third 
the  area  of  Clarion  County. 

GENERAL  STATEMENT. 

The  rocks  of  the  quadrangle  in  which  the  clays  and  shales  occur  are 
included  in  the  Allegheny  formation   (or  Lower  Productive  Coal 
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110  feet. 


Measures)  and  the  Pottsville  formation.     The  succession  of  rocks  is  as 
follows: 

Relative  positions  of  beds  in  Allegheny  and  Pottsville  formations  in  Clarion  quadrangle 

Pennsylvania. 

Allegheny  formation: 

Coal  (Upper  Freeport) 

Plastic  clay 

Limestone 

Flint  clay 

Shale  and  sandstone 

Coal  (Lower  Freeport) 

Plastic  clay 

Limestone 

Shale  and  sandstone 

Coal  (Upper  Kittanning) 

Plastic  clay 

Shale  and  sandstone 

Coal 

Plastic  clay 

Shale  and  sandstone 

Coal  (Middle  Kittanning) 

Plastic  clay 

Shale 

Coal  (Lower  Kittanning) 

Plastic  clay 

Coal  (Lower  Kittanning?) 

Flint  and  plastic  clay 

Shale  and  sandstone 

Limestone 

Sandstone 

Shale 

Coal  (Upper  Clarion) 

Plastic  day  and  shale 

Coal  (Lower  Clarion) 

Plastic  clay 

Shale 

Coal  (Brookville) 

Clay 

Pottsville  formation: 

Sandstone  (Homewood). 

Shale,  coal,  plastic  and  flint  (?)  clay  (Mercer). 

Sandstone  (Connoquenessing). 

The  figures  showing  the  thickness  of  the  groups  represent  a  fair 
average  but  are  not  intended  to  be  final. 

A  glance  at  the  table  shows  that  eleven  clay  horizons  are  asso- 
ciated with  the  same  number  of  coal  horizons,  the  clays  underlying 
the  coals.  Two  and  possibly  three  of  the  clay  beds  contain  flint  clay. 
It  will  be  noted  that  two  of  the  coals  are  designated  Lower  Eattan- 


60  feet. 
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ning.  Whether  the  lower  seam  is  a  spUt  from  the  upper  or  an  extra 
seam  is  uncertain.  The  lower  coal  lies  from  4  to  17  feet,  and  in  some 
places  perhaps  more,  below  the  upper.  The  lower  bed  appears  to 
be  coterminous  with  the  flint  clay  of  this  horizon,  as  the  coal  was  not 
identified  at  any  locality  outside  of  the  boundaries  of  the  area  occu- 
pied by  the  flint  clay. 

SHALES. 

The  only  shale  now  in  use  in  the  area  is  the  one  below  the  horizon 
of  the  Clarion  coal.  This  shale  is  exposed  in  the  pit  of  the  Canton 
Tile  Hollow  Brick  Works,  west  of  New  Bethlehem,  described  below. 
Other  deposits  of  shale  that  are  accessible  to  railroads  were  noted  as 
follows: 

At  the  railroad  crossing  between  Fairmount  and  Hawthorn:  thickness  30zfc  feet. 

In  hill  above  Underwood  mine  at  Ore  Bank  station,  on  the  Sligo  Branch  of  the 
Pennsylvania  Railroad;  thickness  50±  feet. 

In  hill  above  Baldauf  No.  1  mine,  on  a  branch  of  the  Pittsburg,  Simmierville,  and 
Clarion  Railroad;  thickness  30±  feet. 

The  exposures  just  mentioned  are  typical  and  are  readily  accessible 
for  examination.  In  general,  however,  smaller  but  numerous  and 
widely  scattered  outcrops  indicate  that  a  considerable  thickness  of 
shale  Ues  nearly  everywhere  above  the  Lower  Kittanning  coal. 

PLASTIC   CLAYS. 

Mercer  Jiorizon, — Beds  at  the  horizon  of  the  Mercer  shale  outcrop 
above  drainage  level  along  Clarion  River,  in  the  lower  portion  of 
Leatherwood  Run,  at  Sligo,  and  just  west  of  Mayport,  but  no  good 
exposure  of  clay  was  noted  at  this  horizon  except  small  exposures  at 
Mayport. 

BrooJcmUe  Jiorizon, — The  clay  at  this  horizon  was  seen  at  only  a  few 
places  and  probably  is  not  important. 

Clarion  Jiorizon. — In  some  parts  of  the  quadrangle  there  are  two 
coals  and  two  accompanying  clays  at  the  horizon  of  the  Clarion  coal. 
A  section  in  a  nm  near  the  schoolhouse,  about  1  mile  northeast  of  the 
Zion  churches,  shows  5  feet  or  more  of  white  clay  below  each  of  the  two 
coals.  At  the  road  fork,  one-half  mile  south  of  Rockville,  a  15-foQt 
bed  of  clay  is  exposed  beneath  a  coal  blossom,  probably  Clarion.  On 
Leisure  Run,  4 J  miles  north  of  New  Bethlehem,  10  feet  of  the  same 
clay  shows  above  the  run  and  below  a  16-inch  coal  blossom.  In  the 
vicinity  of  New  Bethlehem  this  clay  is  now  used  in  connection  with 
the  overlying  shale  by  the  Canton  Tile  Hollow  Brick  Company  in  the 
manufacture  of  hollow  building  brick  and  drain  tile. 
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A  section  made  in  the  pit  of  this  company  is  as  follows: 

Section  of  pit  of  Canton  Tile  Hollow  Brick  Company. 

Ft.    in. 

Olive  fissile  shale,  stained  red 3      0 

Carbonaceous  layer  (Clarion  coal  blossom  ?) 4 

Sandy  ledge 10 

Dark-drab  shale 18      0 

Drab  plastic  clay,  soft 5      0 

Drab  plastic  clay,  hard,  siliceous 5      0 

Olive  sandy  shale 10      0 

Sandstone. 

Kittanning  horizons. — ^At  some  localities  there  are  at  least  four  Kit- 
tanning  coals,  each  imderlain  by  a  clay  bed.  The  upper  clay  beds  so 
far  known  are  unimportant.  The  plastic  clay  below  the  lower  Kit- 
tanning  coal  is  imdeveloped,  but  road  crops  and  mine  sections  through- 
out the  quadrangle  indicate  that  it  is  persistently  present  and  prob- 
ably of  sufficient  thickness  for  mining.  Among  the  best  road  expo- 
sures is  one  a  quarter  of  a  mile  east  of  Jack  schoolhouse  and  about  4 
miles  northwest  of  New  Bethlehem,  where  3  feet  of  reddish  stained 
clay  outcrop,  and  one  1  mile  east  of  Mechanics ville,  where  8  feet  of 
light-drab  clay  are  exposed.  The  following  sections,  comprising  2 
feet  or  more  of  clay,  were  measured  below  the  Lower  Kittanning  coal 
in  coimtry  banks  and  mines: 

A.  V.  Confer  coal  bank,  just  east  of  Strattonville;  3  feet,  apparently  of  good  quality. 

Coal  bank  on  Lewis  Deitz  farm,  3 J  miles  northeast  of  Sligo;  2  feet,  of  excellent 
appearance. 

J.  K.  Andrews  coal  bank,  on  James  Myers  farm,  3  miles  northeast  of  Sligo;  3  feet 
10  inches. 

Country  bank  on  Charles  McCall  farm,  3i  miles  northeast  of  Rimersburg  station;  6 
feet,  light  gray  clay. 

Country  bank  2  miles  northeast  of  Wild  Cat;  2i  feet,  quite  free  from  sand. 

Only  a  partial  thickness  of  the  clay  was  seen  at  any  of  the  above 
places,  but  the  measurements  are  suggestive  of  considerable  deposits 
of  clay  at  this  horizon.  At  Huey,  just  over  the  west  boimdary  of  the 
quadrangle,  is  a  drift  in  which  7  J  feet  of  clay  were  measured,  both  the 
top  and  the  bottom  of  the  section  being  concealed.  The  thickness  of 
the  clay  here  indicates  that  a  good  deposit  may  be  foimd  along  the 
Sligo  branch  of  the  Pennsylvania  Railroad  wherever  the  clay  occurs 
above  drainage.  The  plastic  clay  from  the  Lower  Kittanning  horizon 
could  be  prospected  with  a  view  to  brick  or  pottery  manufacture. 

The  other  clay  in  use  from  the  Kittanning  horizons  is  the  one  next 
higher,  or  the  Middle  Kittanning.  This  clay  is  used  by  the  Hawthorn 
Pottery  Company  in  the  manufacture  of  Bristol  glazed  stoneware. 
The  supply  is  obtained  from  a  stripping  just  north  of  Hawthorn. 
The  clay  here  lies  under  4  to  10  feet  of  cover  and  varies  in  thickness 
from  4  to  6  feet.     The  upper  part  of  the  bed  is  soft,,  rather  free  from 
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sand,  and  has  a  chalky  appearance  due  to  weathermg,  while  the  lower 
part  is  harder  and  rather  sandy  and  is  greenish  in  color.  The  softer  and 
more  plastic  portion  of  the  bed  is  used  as  it  comes  from  the  bank  in  the 
manufacture  of  small  pieces,  but  the  hard  portion  is  washed  free  from 
sand  and  used  for  large  ware.  At  the  time  of  the  writer's  visit  the  clay 
below  the  Lower  Kittanning  coal  had  been  used  experimentally,  but  no 
definite  results  had  been  obtained.  The  Middle  Kittanning  clay  was 
formerly  stripped  on  Town  Rim,  opposite  the  opening  of  the  No.  2 
mine  of  the  Alcola  Coal  Company.  The  quality  of  the  clay  here  is 
reported  to  be  excellent  for  pottery  manufacture. 

Freeport  horizons. — Plastic  clay  occurs  below  each  of  the  Freeport 
coals,  but  beds  at  these  horizons  are  comparatively  limited  in  area 
and  few  good  opportunities  were  offered  for  measuring  sections. 
The  best  section  noted  was  in  a  coimtry  bank  just  west  of  Hickory 
Ridge  schoolhouse,  where  3  feet  were  exposed  below  the  coal. 

FLINT  CLAYS. 

Mercer  Jiorizon. — No  good  exposure  of  flint  clay  was  seen  at  this 
horizon  within  the  quadrangle.  Just  south  of  it,  however,  at  Climax 
and  St.  Charles,  flint  clay  from  this  horizon  is  used  in  making  high- 
grade  fire  brick."  At  one  point  within  the  quadrangle — viz,  on  the 
west  side  of  Leatherwood  Run,  about  1  mile  north  of  St.  Charles — 
fragments  of  flint  clay,  which  are  probably  from  this  horizon,  have 
been  found  in  a  field,  but  several  prospect  holes  simk  here  failed  to 
find  the  source  of  the  fragments. 

Lower  Kittanning  horizon. — Flint  clay  occurs  below  the  Lower  Kit- 
tanning coal  in  a  belt  that  extends  across  the  north  half  of  the  quad- 
rangle with  a  width  of  IJ  to  2  J  miles  on  each  side  of  Clarion  River, 
except  in  an  area  north  of  Clarion.  Owing  to  the  height  of  the  clay 
in  the  hills,  however,  only  a  relatively  small  portion  of  the  area  is 
actually  underlaid  by  it.  The  clay  is  persistent  in  its  occurrence, 
but  varies  greatly  in  quality.  It  has  been  used  to  considerable 
extent,  so  its  qualities  are  fairly  well  known.  The  best  clay  is 
light  yellowish  brown  in  color,  fine  grained  in  texture,  and  moderately 
hard.  Weathered  pieces  are  bluish  gray  on  exposed  surfaces  and  are 
easily  broken.  The  following  chemical  analyses,  made  by  P.  H. 
Bates,  of  the  United  States  Geological  Survey's  laboratories  for  test- 
ing structural  materials,  at  St.  Louis,  Mo.,  indicate  the  quality  of  an 
average  sample  of  this  clay. 

o  Bull.  U.  S.  Geol.  Survey  No.  279,  p.  162. 
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Analyses  of  air-dried  samples  of  flint  clay  from  C.  B.  McQueen  farm ,  Clarion  County^  Pa. 

ULTIMATE    ANALYSES. 


SUicaCSiOj) 

Alumina  (AI2O3) 

Ferric  oxide  (FcjOa) 

Manganese  oxide  (MnO) . . . 

Lime(CaO) 

Magnesia  (MgO) 

Sulphuric  anhydride  (SO3) 

Soda(Na^O) 

Potash  (K2O) 

Water  at  100°  C 

Ignition  loss * 


B. 


100.18 


56.46 

27.69 

2.55 

.09 

.42 

.28 

.14 

.06 

.52 

1.40 

10.64 


100.25 


RATIONAL    ANALYSES. 


Free  silica 

Clay  substance 

Feldspathic  substance 
Ignition  loss 


25.75 
59.00 

20.50 

64.50 

4.50 
10.75 

3.00 

12.00 

100.00 


100.00 


The  samples  thus  analyzed  were  taken  from  a  3-foot  section  in  a 
new  drift  made  by  the  Sligo  Fire  Brick  Company.  Sample  A  repre- 
sents the  upper  1  foot,  and  sample  B  the  lower  2  feet  of  the  section. 
Sample  A  is  siliceous  in  appearance,  shows  a  rough  surface,  and 
breaks  irregularly  rather  than  with  the  conchoidal  or  shell-like  frac- 
ture that  is  characteristic  of  flint  clay.  Sample  B  is  like  the  type  of 
best  clay  described  above  except  that  instead  of  being  homogeneous 
it  contains  a  small  percentage  of  bluish  inclusions.  In  some  places  it 
shows  streaks  that  resemble  bedding  planes.  Wherever  cracks  occur 
in  the  clay  the  surfaces  formed  by  them  are  strongly  stained  with 
iron.  The  high  percentage  of  iron  shown  by  the  analyses  makes  a 
good  deal  of  the  clay  unsuitable  for  use  in  the  manufacture  of  refrac- 
tory materials.  The  clay  in  the  bank  from  which  the  samples  were 
taken  for  analysis  is  used  by  the  Sligo  Fire  Brick  Company  in  the 
manufacture  of  fire  brick.  Clay  taken  from  below  the  Brookville(?) 
coal  in  the  mine  of  the  Sligo  Coal  and  Coke  Company  is  used  as  a 
bond.  The  bricks  are  sold  principally  for  use  in  open-hearth  fur- 
naces. The  reported  criticism  of  bricks  made  from  this  clay  is  that 
while  they  will  stand  relatively  high  temperatures  they  are  deficient 
in  resistance  to  friction. 

The  quality  of  the  clay  varies  from  place  to  place.  The  clay  south 
of  Clarion  River  appears  to  be,  on  the  whole,  better  than  that  north 
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of  the  river,  and  when  it  was  stripped  for  shipment  its  price  aver- 
aged 40  cents  more  a  ton  than  that  of  the  latter.  In  comparing  these 
prices,  however,  it  should  be  noted  that  shipments  from  the  northern 
area  probably  involved  the  payment  of  higher  freight  rates.  Clay 
from  the  area  north  of  the  river  has  not  been  used  south  of  the  Wagner 
and  Bell  farm,  the  reported  reason  being  that  the  clay  in  that  region 
contained  so  much  iron  that  it  is  worthless  as  a  refractory  clay.  In 
the  area  south  of  the  river  the  best  clay  is  reported  to  have  been 
taken  from  the  Finnefrock  farm.  Considerable  amounts  of  clay  have 
also  been  taken  from  the  Miller  farm,  located  within  2  miles  of  the 
Sligo  Branch  Railroad.  The  clay  on  the  Finnefrock  and  Winkler 
farms,  south  of  Piney  Creek,  and  on  the  Mowry  farm,  north  of  it,  is 
within  IJ  miles  of  a  new  raihoad  now  being  built  by  the  Lake  Shore 
and  Western  from  Franklin  to  Clearfield. 

The  following  detailed  descriptions  of  occurrences  are  given  for  the 
purpose  of  assisting  prospectors: 

Clarion  Junction,  one  half  acre  stripping  on  each  side  of  the  pike. 

Clarion  Junction,  southeast  of,  on  F.  M.  Shannon  farm.     (Reported.) 

Clarion  Junction,  IJ  miles  southwest  of;  open  pit  on  portion  of  John  Rapp  farm,  now 
owned  by  the  Niles  Fire  Brick  Company.  There  is  a  3-foot  exposure  of  clay  here,  and 
an  examination  of  the  face  showed  that  much  of  the  clay  had  inclusions  of  impurities. 

Clarion  Junction,  2 J  miles  south  of,  on  Wagner  and  Bell  farm;  old  stripping  uncover- 
ing about  one  acre.  No  clay  was  exposed  here,  but  the  clay  formerly  mined  was 
reported  to  be  of  fair  quality. 

Piney,  2^  miles  east  of,  on  C.  W.  Mowry  farm;  prospect  hole  revealed  3  feet  or  more 
of  fair-looking  clay. 

Piney,  2  miles  southeast  of,  on  P.  B.  Finnefrock  and  D.  C.  Winkler  farms;  several 
acres  of  clay  have  been  stripped,  but  very  little  is  now  exposed.  The  bed  is  reported 
to  average  4  feet  in  thickness.  In  the  hill  on  the  U.  S.  Oppelt  farm,  south  of  the  Finne- 
frock stripping,  the  clay  is  reported  to  be  present  also,  although  it  has  not  been  used. 

Piney,  2  miles  southwest  of,  on  T.  N.  Whitman  farm;  old  stripping  in  which  clay 
was  reported  to  average  3  feet  in  thickness. 

Sligo,  2  miles  north  of,  on  C.  B.  McQueen  farm;  stripping  and  newly  opened  drift; 
average  thickness  about  3i  feet.    A  detailed  description  of  this  clay  is  given  on  p.  340. 

Sligo,  li  miles  north  of,  on  J.  B.  Miller  farm;  numerous  old  strippings. 

Sligo,  2 J  miles  northeast  of;  newly  opened  stripping  on  Mike  Howard  farm;  exposed 
thickness  2  feet;  reported  thickness  5  feet.  In  two  places  just  north  of  this  point  about 
one-half  acre  has  been  stripped. 

Mechanics ville,  1  mile  north  of,  on  Clark  Potter  farm,  now  owned  by  Charles  F. 
Heidrick,  president  of  the  Pittsburg,  Summerville  and  Clarion  Railroad;  prospect  hole 
shows  4  feet  or  more  of  clay  of  inferior  quality. 

In  addition  to  the  openings  described  above,  the  presence  of  the 
clay  was  indicated  by  outcrops  in  the  roads  in  the  following  places  :. 

Clarion  Junction,  1  mile  west  of,  on  road  running  south  to  Piney.  It  is  roughly 
estimated  that  between  10  and  15  acres  in  this  vicinity  are  underlain  by  clay  within 
8  or  10  feet  of  the  surface. 

Manor  school  house,  one-fourth  mile  east  of;  bed  under  little  or  no  cover. 

Shippensville,  3  miles  south  of,  on  road  to  Piney,  near  top  of  rise;  bed  under  light 
cover. 
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Elk  City,  3i  miles  south  of;  bed  at  top  of  rise  under  light  cover. 

Piney,  2i  miles  southwest  of,  and  Zion  churches,  1  mile  northeast  of;  a  few  frag- 
ments. 

Piney,  2i  miles  southeast  of,  on  road  leading  to  Five  Points  schoolhouse. 

Sligo,  2J  miles  northeast  of  and  just  southwest  of  schoolhouse;  clay  apparently  of 
excellent  quality. 

Reidsburg,  1  mile  north  of,  on  road  to  Clarion. 

Clarion-Williamsbiu^,  road  between;  clay  shows  at  several  places,  at  some  in  con- 
siderable thickness,  but  of  inferior  quality. 

Mechanicsville,  IJ  miles  northwest  of,  on  road  to  Clarion;  2  feet  exposed. 

Mechanicsville,  one-half  mile  east  of,  south  of  crossroads;  inferior  quality,  black  and 
knotty. 

Mechanicsville,  1  mile  east  of,  on  road  to  Waterson  station;  3  feet  exposed. 

Mechanicsville,  1  mile  east  of,  on  north  and  south  road  at  top  of  ^hill;  bed  under 
light  cover. 

Clarion-Strattonville,  road  between;  several  exposures. 

Strattonville,  li  miles  south  of,  and  Rehoabeth  Church,  one-quarter  mile  west  of;  2 
feet  exposed;  inferior. 

Strattonville,  2  miles  northeast  of,  on  road  to  Fisher,  at  top  of  rise;  bed  under  light 
cover. 

Strattonville,  2  miles  northeast  of,  near  schoolhouse;  small  showing,  but  clay  appar- 
ently of  excellent  quality. 

Clay  workers  will  appreciate  the  difficulty  of  attempting  to  pro- 
nounce judgment  on  a  clay  from  a  field  examination  of  an  outcrop. 
Only  such  comments  are  made  on  the  outcrops  above  noted  as  are 
obviously  justified,  the  object  being  to  call  the  attention  of  those  who 
are  interested  to  the  occurrences  of  promising  clay  beds. 

Upper  Freeport  Twrizon. — Present  indications  do  not  show  that  the 
flint  clay  from  the  upper  Freeport  horizon  is  important.  Note  was 
made,  however,  of  the  following  occurrences  of  this  clay: 

Rimersburg,  1  mile  north  of,  at  road  fork;  good  outcrop  near  top  of  hill. 
PioUett,  1  mile  west  of;  fragments  at  top  of  hill. 
Frostburg,  2  miles  southeast  of,  on  ridge  road ;  fragments. 
Truittsburg,  2  miles  northeast  of;  outcrop  of  inferior  quality. 

COMMERCIAL  DEVELOPMENT. 

At  present  there  are  three  clay-working  plants  in  the  quadrangle, 
viz,  the  Canton  Tile  Hollow  Brick  Company,  the  Hawthorn  Pottery 
Company,  and  the  Sligo  Fire  Brick  Company,  the  character  of  whose 
products  has  already  been  stated.  In  the  future  development  of  the 
clays  of  the  quadrangle  the  flint  clay  from  the  Lower  Eattanning  hori- 
zon seems  to  offer  the  greatest  possibilities.  Although  this  clay  is  not 
equal  in  quality  to  the  best  flint  clays  on  the  market  it  nevertheless 
makes  a  fairly  good  fire  brick.  The  writer  does  not  know  that  experi- 
ments have  been  made  in  the  use  of  plastic  clay  from  the  same  horizon 
as  a  bond,  but  observation  of  outcrops  indicates  that  if  the  clay  were 
to  be  used  on  the  spot  the  plastic  clay  accompanying  the  flint  at  most 
places  would  be  sufiicient,  in  quantity  at  least,  to  furnish  the  necessary 
bond. 
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Coal  and  natural  gas  are  available  in  nearly  all  parts  of  the  region, 
affording  efficient  and  cheap  fuel.  Prices  of  natural  gas  for  com- 
mercial use,  quoted  to  the  writer,  range  from  8  to  22  cents  per 
thousand  feet.  An  idea  of  freight  rates  may  be  obtained  from  the 
following  quotations  from  SUgo: 

Sligo  to  Pittsburg,  $1.40  per  ton  for  clay  and  $1.60  for  brick. 
Sligo  to  Buffalo,  $1.60  per  ton  for  both  brick  and  clay. 


CLAYS  AND    SHALES   OF   SOUTHWESTERN 

CAMBRIA  COUNTY,  PA. « 


By  W.  C.  Phalen  and  Lawrence  Martin. 


INTRODUCTION. 

Area, — The  area  here  considered  is  the  Johnstown  quadrangle  of 
the  United  States  Geological  Survey,  comprising  228  square  miles 
in  southwest-central  Pennsylvania.  Though  mostly  in  Cambria 
County,  it  includes  small  parts  of  Indiana,  Westmoreland,  and  Somer- 
set counties. 

Geology. — The  rocks  that  outcrop  in  this  district  are  mostly  of 
the  Carboniferous  system,  but  a  few  hundred  feet  (400zh)  of  Devonian 
rocks  are  present.  Of  the  Carboniferous  rocks  only  those  of  the 
Pennsylvanian  series  are  of  interest,  for,  except  the  Pleistocene  and 
later  clays,  all  the  valuable  clay  deposits  seem  to  be  confined  to 
this  series.  As  developed  in  this  area  the  Pennsylvanian  series  com- 
prises the  Pottsville,  the  Allegheny,  and  perhaps  all  or  nearly  all 
of  the  Conemaugh  formation — ^in  all,  about  1,200  feet  of  beds. 
These  formations  correspond  to  the  Pottsville  conglomerate  or  Mill- 
stone grit,  the  Lower  Productive,  and  Lower  Barren  Coal  Measures, 
respectively,  of  the  Second  Geological  Survey  of  Pennsylvania. 

THE  CLAYS. 

The  clay  materials  of  this  region  are  flint  clays,  plastic  clays 
(including  some  fire  clays),  and  shales. 

GEOLOGICAL   POSITION    OF   THE    CLAYS. 

Flint  clays  are  found  at  three  and  possibly  more  horizons.  The 
highest  flint  clay  occurs  in  the  Conemaugh  formation  and  varies  in 
position  in  the  Johnstown  district  from  50  to  100  feet  above  the 
Upper  Freeport  coal  (known  also  as  the  ''E,''  Coke  Yard,  "Four- 
foot,"  and  Lemon  seam),  and  usually  lies  near  the  top  of  the  Mahoning 
sandstone.  In  the  Blacklick  Creek  district,  west  and  southwest  of 
Wehrum,  a  flint  clay  has  been  observed  at  many  places  in  a  similar 
position  with  reference  to  the  Mahoning  sandstone  and  is  probably 
to  be  correlated  with  the  flint  clay  occurring  about  Johnstown. 

a  These  notes  are  preliminary  in  nature.    A  more  detailed  account  of  the  clay  resources  of  the  Johns- 
town  quadrangle  will  he  published  later. 
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In  the  Allegheny  formation  flint  clay  was  observed  in  the  north- 
west section  of  the  area,  in  the  valley  of  Mardis  Run.  It  occurs 
about  25  feet  below  what  is  presumably  the  Upper  Freeport  coal, 
and  hence  may  correspond  with  the  Bolivar  fire  clay  of  the  region 
farther  southwest. 

The  most  important  flint  clay  is  that  occurring  at  the  Mercer  hori- 
zon, in  the  Pottsvrlle  formation,  in  the  South  Fork  district. 

Plastic  clays  have  been  observed  at  many  horizons  in  this  region. 
At  only  a  few  places,  however,  is  the  position  of  the  beds  with  refer- 
ence to  transportation  and  their  thickness  such  as  to  make  them 
of  great  economic  importance.  A  few  unimportant  plastic  clay 
beds  have  been  observed  in  the  Conemaugh  formation.  Many  of 
the  coals  in  the  Allegheny  formation  are  imderlain  by  plastic  clays. 
The  clay  below  the  '^E^'  coal  is  at  some  places  of  workable  thickness, 
though  it  is  not  comparable  with  that  below  the  '^B,''  or  Lower 
Kittaiming,  or  Miller  seam.  Below  the  limestone  bed  associated  with 
the  Upper  Kittanning  coal  (known  also  as  the  cement  or  '^C'  coal)  a 
deposit  of  clay  was  noted  at  some  points  about  Johnstown.  The 
plastic  clay  lying  below  the  Miller  coal  is  the  most  valuable  in  the 
region.  It  varies  from  4  to  12  feet  in  thickness.  This  fire  clay  has 
been  extensively  exploited  about  Johnstown  and  to  a  less  extent 
about  South  Fork.  Along  Blacklick  Creek,  in  the  northern  part  of 
the  area,  the  clay  at  this  horizon  is  of  workable  thickness,  but,  so 
far  as  known,  has  never  been  utilized. 

The  lowest  plastic  clay  in  this  region  is  found  at  the  Mercer  horizon, 
though,  as  indicated  above,  a  flint  clay  lies  at  this  horizon  at  some 
places. 

The  valuable  shales  in  this  area  appear  to  be  confined  chiefly  to 
the  Conemaugh  formation,  though  important  beds  may  occur  in  the 
Allegheny  and  Pottsville.  In  the  Johnstown  district  valuable  shale 
beds  occur  in  the  lower  300  feet  of  the  Conemaugh  formation  and  are 
worked  near  the  city.  The  higher  beds  of  this  formation  are  exposed 
in  the  railroad  cuts  west  of  Wilmore,  and  the  many  beds  of  shale 
observed  there  indicate  the  presence  of  good  brick-making  material 
in  the  hills  between  Wilmore  and  Summerhill  along  the  Pennsylvania 
Railroad.  At  the  Mercer  horizon  also  shales  are  associated  with  the 
coal  and  fire  clay. 

At  the  Bruce  H.  Campbell  quarry,  north  of  Sheridan,  a  clay  that 
is  associated  with  bowlders  and  is  presumably  of  Pleistocene  age  is 
worked.  Residual  clays  are  so  widely  distributed  in  this  region  as 
hardly  to  merit  detailed  mention. 

The  clays  and  shales  that  are  now  worked  will  be  described  and  the 
deposits  not  yet  exploited  will  be  noted,  especially  those  that  are 
situated  near  markets  and  lines  of  transportation. 
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JOHNSTOWN   DISTRICT. 

Flint  clay, — So  far  as  known  flint  clay  occurs  persistently  at  only 
one  horizon  in  the  Johnstown  district.  This  horizon  lies  very  close 
to  the  top  of  the  Mahoning  sandstone,  and  in  the  immediate  vicinity 
of  the  city  is  50  to  80  feet  above  the  horizon  of  the  Goke  Yard  coal. 
Though  fairly  well  distributed  in  favorable  localities  for  easy  exploit- 
ation, this  clay  is,  so  far  as  known,  worked  only  by  the  Johns- 
town Pressed  Brick  Company  at  their  plant  on  a  hill  east  of  the 
city.  A  section  of  the  rocks  in  the  hill  will  show  the  position  of  this 
clay  and  its  relation  to  the  underlying  coal,  which  is  at  the  top  of  the 
Allegheny  formation. 

Section  of  lower  part  of  the  ConeTnaugh  formation  in  hill  east  of  Johnstown. 

Ft.  in. 

Concealed,  and  sandstone  from  top  of  hill 91  0 

Shales 10  0 

Black  shales 5  0 

Brick-red  shales 40  0 

Concealed,  but  probably  shales 25  0 

Dull-olive  shales,  weathering  reddisho 25  0 

Olive  to  red  shales 5  0 

Dark  olive-green  shales,  slightly  gritty,  with  iron  oxide  and 

manganese  oxide  on  the  bedding  planes  « 13-15  0 

Laminated  sandstone 15  0 

Shales 30  0 

Concealed,  but  with  a  sandstone  in  its  upper  part. 42  0 

Flint  clay  o 

Shales *       8  0 

Ferruginous  shales 10  0 

Green  concretionary  shales 10  0 

Irregularly  bedded  shales 5  0 

Sandy  shales 8  0 

Massive  sandstone  (Mahoning) 25  0 

Concealed 12  0 

Coal  ^^^         ^                  ^  ,     ^r     ,        ,  r         3    6 

Bone  p-' PP^''  Freeport  or  Coke  Yard  coal <  c 

In  Dale  Borough,  east  of  Johnstown,  on  the  road  ascending  Shingle 
Run,  2  feet  of  flint  clay  were  noted  at  this  horizon.  An  old  prospect 
hole  was  seen  on  this  flint  clay  on  the  county  road  leading  to  Grand- 
view  Cemetery.  On  the  road  to  Ferndale,  a  short  distance  north  of 
the  Citizens^  Coal  Company's  Eighth  Ward  mine,  an  abundance  of 
flinty  clay  debris  occurs  above  the  road  near  the  top  of  the  massive 
Mahoning  sandstone.  In  the  hill  above  the  Baltimore  and  Ohio  tun- 
nel, east  of  Island  Park,  some  flint  clay  was  observed  on  the  new 
county  road  about  40  feet  above  the  Upper  Freeport  coal  and  near 

a  Beds  worked  for  brick  material. 
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the  top  of  the  Mahoning  sandstone.  Northwest  of  Johnstown,  in  the 
valley  of  Laurel  Run,  a  short  distance  east  of  the  old  coke  yard,  from 
which  the  Upper  Freeport  coal  gets  its  local  name,  this  flint  clay  is 
exposed,  indicating  a  possible  continuity  of  the  bed  as  far  west  as 
this  point.  Northwest  of  Johnstown,  on  the  road  ascending  Pleasant 
Hill  from  the  valley  of  the  Gonemaugh  River,  a  flint  clay  occurs  about 
110  feet  above  the  Upper  Freeport  coal  and  10  feet  below  a  smaller 
seam  of  coal.  This  latter  coal  may  possibly  be  higher  than  the  seam 
70  feet  above  the  Upper  Freeport  at  the  Baltimore  and  Ohio  tunnel. 
If  so,  this  flint  clay  of  Pleasant  Hill  is  higher  than  that  previously 
described. 

On  the  headwaters  of  Mill  Greek  and  Dalton  Run  and  near  the  south 
edge  of  the  area  west  of  Stony  Greek,  a  fairly  persistent  flint  clay  was 
observed  well  toward  the  base  of  the  Gonemaugh  formation.  These 
occurrences  are  too  far  from  lines  of  transp^ctation  to  be  of  great 
economic  importance  at  the  present  time. 

It  should  be  added  that  the  occurrences  noted  above  are  largely 
roadside  outcrops  at  which  it  is  impossible  to  determine  the  exact 
thickness  and  nature  of  the  clays.  Only  careful  prospecting  can  deter- 
mine these  points,  but  the  fact  that  one  of  the  flint  clays  is  being 
successfully  used  at  one  point  is  significant. 

Plastic  clay. — The  flint  clay  above  the  Mahoning  sandstone  assumes 
a  plastic  phase  at  places  in  the  Johnstown  district.  Most  of  the  valu- 
able plastic  clay  in  this  region,  however,  occurs  in  the  Lower  Pro- 
ductive Measures  or  Allegheny  formation.  At  a  few  places  a  clay  bed 
of  workable  thickness  lies  below  the  Upper  Freeport  coal,  in  connec- 
tion with  which  it  might  be  mined.  At  the  Gyrus  Shepard  mine, 
leased  by  L.  J.  Mitchell,  east  of  Franklin,  2  feet  4 J  inches  of  fire  clay 
were  measured,  but  the  bed  may  not  be  persistent.  A  clay  bed 
which  promises  to  be  of  some  importance  underlies  the  limestone 
below  the  Upper  Eattanning  or  ^^G"  coal  seam.  This  clay  has  been 
developed  to  some  extent,  though  so  far  as  the  writers  are  aware  it  is 
not  now  worked.  According  to  T.  T.  Morrell  °  it  has  the  following 
composition: 

Analysis  of  clay  near  Johnstown,  Pa. 

SUicaCSiOg) '. 7L98 

Alumina  (AI2O3) 26. 29 

Ferric  oxide  (FeaOg) 2.  21 

Magnesia  (MgO) 44 

Manganese  dioxide  (Mn02) 32 

101. 34 


a  Second  Geol.  Survey  Pennsylvania,  Rept.  H2,  p.  148. 
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The  most  valuable  plastic  clay  in  the  Allegheny  formation  is  that 
underlying  the  Miller  coal  seam.  Many  of  the  mines  operating  this 
coal  about  Johnstown  produce,  as  well,  considerable  amounts  of 
this  clay.  This  clay  bed  in  this  district  generally  ranges  from  3  to  6 
feet  in  thickness,  but  may  possibly  be  thicker  locally.  It  usu&^Uy 
underlies  the  lower  bench  of  the  Miller  seam,  from  which  it  is  sepa- 
rated by  a  few  inches  of  shale  or,  in  the  absence  of  this  lower  bench, 
it  occurs  below  the  main  coal  itself,  being  separated  from  it  by  3  to  4 
inches  of  bone  or  shale.  It  is  a  light-drab  clay,  not  very  hard,  of 
irregular  fracture,  greasy  to  the  touch,  and  slakes  on  exposure  to  the 
weather.     Its  composition  is  indicated  by  the  following  analyses: 

Analyses  of  clay  unaerlying  the  Miller  seam. 


Silica  (SiOs) 

Alumina  (AliOa) 

Ferric  oxide  (FesOa)  -  - . 

Magnesia  (MgO) 

Lime  (CaO) 

Soda  (Na20) 

Potash  (K2O) 

Titanium  oxide  (TiOj) 
Loss  on  ignition 


1. 

2. 

1 
3.         ; 

65.90 

-   66.40 

53.10 

20.30 

19.80 

27.80 

al.60 

01.68 

"3.08 

.66 

.61 

.60 

.09 

.10 

.22 

.34 

.30 

.48 

2.98 

3.24 

3.58 

1.20 

1.00 

1.20 

6.50 

6.40 

10.20 

99.57 

99.53 

100.26 

68.82 

20.85 

2.79 

.23 

.82 


MnOa  .66 
5.83 


100.00 


o  Total  iron  calculated  as  Fe203. 

1.  Citizens'  Coal  Company's  Green  Hill  mine,  Johnstown,  Pa.;  E.  C.  Sullivan,  analyst. 

2.  A.  J.  Haws  &  Sons  (Limited)  mine,  near  the  stone  bridge,  Johnstown,  Pa.;  E.  C.  Sullivan,  analyst. 

3.  Seward  Coal  Company's  mine,  Seward,  Westmoreland  County,  Pa. ;  E.  C.  Sullivan,  analyst. 

4.  Clay  underlying  the  Miller  se^m  at  Johnstown;  T.  T.  Morrell,  analyst,  Second  Geol.  Survey  Penn- 
sylvania, Rept.  HH,  p.  148. 

This  clay  is  worked  about  Johnstown  by  W.  J.  Williams  at  Kem- 
ville;  by  the  Citizens'  Coal  Company  at  Green  Hill;  by  A.  J.  Haws  & 
Sons  (Limited),  both  at  Coopersdale  and  near  the  famous  stone  bridge, 
and  by  Robertson  &  Griffin  on  St.  Clairs  Run;  at  each  place  in  con- 
nection with  the  overlying  coal.  Though  not  always  worked,  this 
clay  is  present  at  many  places  in  this  district  in  workable  thickness. 

Nearly  all  the  product  of  the  Johnstown  mines  is  used  at  local  brick 
plants  where  it  is  mixed  with  ffint  clay  from  the  Mercer  horizon, 
shipped  from  South  Fork  and  from  other  points.  When  thus  mixed 
in  proper  amount  it  forms  a  suitable  bond  in  -a  clay  that  is  used  in 
the  manufacture  of  high-grade  refractory  products  and  bricks,  for 
blast  furnace  and  open-hearth  work,  and  in  making  sleeves,  nozzles, 
tuyeres,  and  other  articles  that  are  exposed  to  high  temperatures. 

The  lowest  plastic  clay  in  the  Johnstown  district  is  associated  with 
the  Mercer  coal,  but  is  not  exposed  in  the  immediate  vicinity  of  the 
city.  In  the  hills  lying  east  of  Stony  Creek,  south  of  Kring,  on  the 
Baltimore  and  Ohio  Railroad,  this  horizon  has  been  prospected  and 
some  clay  and  shales  have  been  found,  but  they  have  never  been 
worked,     Flint  clay  was  not  seen  at  any  of  the  old  prospect  pits. 
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North  of  Sheridan,  at  the  quarry  of  Bruce  H.  Campbell,  the  follow- 
ing section  was  measured,  showing  6  feet,  or  possibly  more,  of  clay 
below  the  Mercer  coal : 

Section  of  Mercer  coal  and  shales  at  Bruce  II.  Campbell  quarry,  north  gf  Sheridan. 

Massive  sandstone  bowlders.  Ft.  In. 

Red  clay  with  rounded  bowlders  (Pleistocene?) 5-10  0 

Shales . 20  0 

Coal  and  bone 1  3 

Clay 6  0 

Shales 6  0 

This  clay  has  never  been  worked,  but  it  is  apparently  of  good 
grade. 

Shales. — It  has  been  remarked  that  the  most  important  shale  hori- 
zons about  Johnstown  are  confined  to  the  lower  300  feet  of  the  Cone- 
maugh  formation.  The  section  given  on  page  346  shows  the  character 
of  the  lower  400  feet  of  beds  in  this  group  of  rocks  in  the  hill  east  of 
the  city.  From  about  50  feet  above  the  top  of  the  Coke  Yard  coal  to 
the  top  of  the  hill  numerous  promising  beds  of  shale  are  exposed. 
Most  of  the  shale  group  lying  between  165  feet  and  210  feet  above  the 
Coke  Yard  coal  is  being  worked  by  the  Johnstown  Pressed  Brick 
Company  into  a  good  grade  of  building  brick.  In  the  hill  north  of 
the  city  the  Cambria  Steel  Company  has  quarried  shales  lying  100  feet 
above  the  Coke  Yard  coal  seam  and  has  utilized  them  in  connection 
with  the  overlying  surface  clays,  in  the  manufacture  of  red  building 
bricks  of  good  quality. 

The  geological  structure  of  the  region  immediately  around  the  city 
is  such  that  the  beds  lie  fairly  flat,  and  the  lower  few  hundred  feet  of 
the  Conemaugh  formation  are  exposed.  Sections  obtained  in  the 
hills  around  the  city  and  along  the  Pennsylvania  Railroad  to  the 
west  indicate  that  the  lower  part  of  tliis  formation  is  of  prevaiUngly 
shaly  character,  comparable  with  that  seen  in  the  hill  to  the  east.  It 
is  therefore  probable  that  a  great  deal  of  brickmaking  material 
exists  in  these  hills  which  has  never  been  tested.  Though  all  this 
shale  may  not  be  of  the  grade  of  that  worked  by  the  Johnstown 
Pressed  Brick  Company  some  of  it  probably  is,  and  much  of  it  may 
be  suitable  for  paving  brick,  sewer  pipe,  fireproofing  of  various  sorts, 
and  for  other  rough  material.  All  the  shale  in  the  hills  about  the 
city  and  to  the  west  is  fairly  accessible  to  transportation,  and  cheap 
fuel  is  assured  by  the  presence  of  valuable  coal  beds  300  feet  or 
more  below. 

The  lowest  promising  shale  horizon  in  this  district  is  associated 
with  the  Mercer  coal.  The  prospect  pits  on  the  Baltimore  and  Ohio 
Railroad  south  of  Krings  station  show  the  presence  of  dark  shales 
at  this  horizon.     At  points  north  of  Sheridan  the  Mercer  shales  are 

Bull.  315—07 23 
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thick,  and  are  worked  in  connection  with  the  overlying  Pleistocene 
clays  at  the  quarry  of  Bruce  H.  Campbell.  The  section  measured  at 
this  quarry,  given  on  page  349,  shows  20  feet  of  workable  shales  over- 
lying the  coal.  They  are  dark  brown  and  drab  in  color,  somewhat 
sandy  and  concretionary.  This  shale  is  mixed  with  the  overlying 
clay,  and  the  mixture  is  used  in  making  a  buff  or  red  building  brick, 
the  color  depending  on  the  proportions  of  shale  and  clay  used.  The 
beds  worked  at  this  quarry  rise  abruptly  toward  the  west  at  a  rate 
that  carries  the  Mercer  horizon  over  the  tops  of  the  hills  to  the  west. 

SOUTH   FORK   DISTRICT. 

Flint  clay. — A  band  of  clay  that  occurs  in  the  Pottsville  formation 
in  the  South  Fork  district  has  been  worked  at  points  south  of  the 
Pennsylvania  Railroad  from  South  Fork  westward,  beyond  Mineral 
Point,  and  also  at  a  few  places  north  of  the  railroad.  In  this  district 
this  clay  is  characterized  by  a  persistent  flinty  streak.  This  clay  is 
present  in  the  hills  along  Conemaugh  River,  in  an  area  extending 
as  far  west  as  a  point  about  1  mile  east  of  Conemaugh  station.  The 
outcrop  is  continuous,  except  where  the  local  dips  and  change  in 
direction  of  the  river  carry  it  below  drainage.  The  flinty  clay  may 
not  be  always  present  between  Mineral  Point  and  Conemaugh.  For 
example,  the  clay  observed  at  this  horizon  in  the  tunnel  of  the  old 
Portage  Railroad  is  not  particularly  flinty  in  character.  From  Mineral 
Point  to  South  Fork,  however,  the  flinty  character  is  persistent. 

This  flint  clay  is  now  worked  by  the  Garfield  Fire  Clay  Company, 
near  the  viaduct,  and  by  J.  H.  Wickes  and  the  South  Fork  Fire 
Brick  Company,  west  of  South  Fork.  The  following  section  was 
measured  at  Mr.  Wickes' s  mine: 

Section  of  fire  clay  at  J.  II.  Wickes^s  mine,  South  Fork. 

Ft.  In. 
Heavy  sandstone  roof. 

Plastic  clay 3§ 

Coal -        i-2 

Flint  clay 4 J 

Sandstone. 

This  clay  is  also  worked  by  the  Page-Reigard  Mining  Company 
near  Mineral  Point  and  at  South  Fork,  but  in  July,  1904,  the  mine  at 
South  Fork  was  shut  down.  It  is  reported  that  the  plastic  clay  is 
persistent,  but  that  the  thickness  of  the  flint  clay  is  variable,  dwind- 
ling to  14  inches  in  a  northeast-southwest  zone.  A  specimen  of  this 
flint  clay  from  the  central  band  of  the  bed  worked  near  the  viaduct 
some  years  ago  was  analyzed  by  T.  T.  Morrell,  of  Johnstown, with  the 
following  results: 
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Analysis  of  flint  clay  from  the  Mercer  horizon  near  the  viaduct,  Cambria  County ,  Pa.^ 

Silica  (SiOa) 45.42 

Alumina  (AI2O3): 36. 80 

Ferric  oxide  (Fefi^) 3. 33 

Manganese  oxide  (MnOj) 48 

Magnesia  (MgO) 45 

Lime(CaO) 87 

Water  and  organic  matter 12. 65 

100.00 

This  clay  is  smooth,  hard,  compact,  light  to  dark  gray  in  color,  and 
breaks  with  a  conchoidal  fracture.  It  bums  to  a  straw-yellow  color. 
The  analysis,  as  far  as  it  goes,  indicates  a  fairly  high-grade  material, 
with  perhaps  a  little  too  much  iron.  The  presence  or  absence  of 
alkalies  was  unfortunately  not  determined. 

The  clay  mined  at  South  Fork  is  in  part  shipped  to  Johnstown  and 
in  part  mixed  with  plastic  clay  from  the  Lower  Kittanning  seam  and 
worked  up  at  the  local  brick  plant.  The  refractory  character  of  some 
of  the  products  of  this  flint  clay  has  been  tested  at  the  plant  of  the 
Cambria  Steel  Company  at  Johnstown  and  they  have  proved  highly 
satisfactory. 

Plastic  clay. — About  South  Fork  a  plastic  clay  has  been  observed 
at  some  places  near  the  top  of  the  Mahoning  sandstone.  Its  position 
corresponds  with  that  of  the  band  of  flint  clay  in  the  Johnstown  dis- 
trict. In  the  region  about  South  Fork  it  has  been  observed  at  but 
fQw  places  and  is  of  doubtful  value.  The  clay  below  the  Upper  Free- 
port  (Lemon)  coal  seam  is  fairly  thick  in  this  region,  but  is  not  worked 
at  present.  At  O.  M.  Stineman's  mine  No.  3,  2  feet  3  inches  of  clay 
were  measured  below  this  coal,  which  may  be  worked  at  some  future 
time  in  connection  with  the  coal.  This  clay  is  not  comparable  in 
thickness  with  that  directly  underlying  the  Miller  coal  seam,  which 
about  South  Fork,  as  near  Johnstown,  is  the  most  important  plastic 
clay  in  the  Allegheny  formation.  The  plastic  clay  associated  with 
the  Miller  coal  seam  is  usually  workable,  at  some  places  having  a 
thickness  of  6  to  8  feet,  though  averaging  about  3  to  4  feet  of  workable 
clay  of  good  grade.  A  brief  note  on  the  character  of  this  clay  will  be 
found  in  the  description  of  its  occurrence  in  the  Johnstown  district, 
where  analyses  also  are  given.  There  is  every  reason  to  suppose  that 
in  this  district  it  is  of  the  same  quality  as  the  clay  mined  about  Johns- 
town. Most  of  the  clay  product  of  the  mines  about  South  Fork  is 
mined  in  connection  with  the  coal  and  is  used  almost  entirely  at  the 
local  brick  plant. 

SJiale. — So  far  as  known  the  shales  in  the  South  Fork  district  have 
not  been  utilized.  In  the  two  large  cuts  west  of  the  town  of  Wilmore, 
on  the  main  line  of  the  Pennsylvania  Railroad,  shale  beds  are  exposed 

o  Second  Geol.  Survey  Pennsylvania,  vol.  HH,  p.  147. 
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that  vary  in  position  from  400  to  675  feet  above  the  Upper  Freeport 
coal.  These  beds  contain  many  promising  shales,  which  are  foimd  in 
the  surrounding  hills,  conveniently  situated  with  respect  to  transpor- 
tation. Their  appearance  indicates  that  they  may  be  adapted  to  the 
manufacture  of  paving  brick  and  other  materials  that  require  only  an 
inferior  grade  of  clay  or  shale.  To  determine  their  fitness  for  any 
purpose,  however,  practical  tests  must  be  made.  In  a  recent  cut 
opposite  Ehrenfeld  station,  along  the  new  county  road,  a  bed  of  shale 
50  to  60  feet  thick,  lying  60  feet  above  the  Upper  Freeport  coal,  also 
appears  to  be  promising. 

BLACKLICK   CREEK  DISTRICT. 

The  South  Fork  of  Blacklick  Creek  flows  along  the  northern  edge 
of  the  Johnstown  quadrangle.  It  is  joined  by  the  North  Fork  a  short 
distance  west  of  Vintondale  and  then  flows  westward  beyond  the 
limits  of  the  area.  Deposits  of  flint  and  plastic  clay  are  found  in  the 
adjacent  hills  along  the  creek,  and  although  many  of  these  are  con- 
veniently situated  with  respect  to  lines  of  transportation,  the  demand 
has  not  yet  been  sufficient  to  justify  their  exploitation. 

Flint  clay. — The  flint  clay  in  the  Blacklick  Creek  district  occurs  at 
two  horizons.  The  higher  flint  clay  is  found  in  the  lower  part  of  the 
Conemaugh  formation  above  what  is  thought  to  be  the  equivalent  of 
the  Mahoning  sandstone  and  a  few  feet  below  a  small  coal  bed,  pos- 
sibly the  Gallitzin  coal.  This  flint  clay  has  been  observed  in  many 
places  north,  west,  and  south  of  Wehrum,  but  the  rise  of  the  beds 
toward  the  east  causes  a  gradual  increase  in  its  distance  from  the  val- 
ley and  from  transportation  facilities  and  finally  its  complete  absence 
from  the  hills.  West  of  Wehrum,  however,  both  north  and  south  of 
Blacklick  Creek,  it  occurs  at  many  points,  having  the  imusual  thick- 
ness of  7  to  8  feet  in  places.  It  is  a  typical  flint  clay  in  appearance, 
though  its  content  of  iron  oxide  is  apparently  very  high.  A  sample 
collected  from  a  roadside  exposure  west  of  Dilltown  gave  the  following 
analysis: 

Partial  analysis  of  flint  day  from  a  natural  exposure  west  of  Dilltown. 

[E.  C.  Sullivan,  analyst.] 

Silica  (SiOz) 50.3 

Alumina  ( AljOg) 21. 3 

Ferric  oxide  (FeaOg)  « 10. 4 

Magnesia  (MgO) 0. 61 

Lime  (CaO) 0. 39 

Soda  (NajO) 0. 18 

Potash  ( K2O) 1. 14 

Titanium  oxide  (TiOg) 0.  90 

Loss  on  ignition 12. 00 

97.22 

o  Total  iron  calculated  as  FejOj, 
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The  percentage  of  fluxing  materials,  principally  iron  oxide,  indicated 
in  this  analysis,  is  so  high  as  to  prohibit  its  practical  use.  A  lower  flint 
clay,  lying  a  few  feet  below  what  may  prove  to  be  the  Upper  Freeport 
coal,  was  seen  at  a  few  places  in  the  valley  of  Mardis  Rim,  near  the 
northwestern  edge  of  the  area.  This  clay  may  correspond  with  the 
Bohvar  clay  of  the  region  to  the  southwest.  Two  feet  of  clay  were  seen 
at  one  point  on  the  outcrop  and  the  bed  may  possibly  be  thicker.  This 
clay  is  rather  remote  from  transportation. 

Plastic  clay. — ^The  coal  that  is  being  extensively  worked  in  the 
valley  of  Blacklick  Creek  is  regarded  as  the  equivalent  of  the  Lower 
Kittanning,  Miller,  or  "B"  seam  of  the  Johnstown  and  South  Fork 
districts.  In  the  Blacklick  Creek,  district,  as  well  as  along  Cone- 
maugh  River,  this  coal  is  imderlain  by  a  promising  clay  bed.  This 
clay  is  not  exploited  at  present,  and  no  certain  measurement  of  its 
thickness  was  obtained.  At  many  of  the  mines  2  feet  or  more  of  prom- 
ising clay  were  seen,  comparable,  in  appearance  at  least,  with  thajb  in 
the  Johnstown  district. 

MISCELLANEOUS   OCCURBENCES   OF  CLAY. 

Along  the  western  flank  of  Laurel  Ridge,  near  the  line  of  the  Penn- 
sylvania Railroad,  the  Miller  coal  seam  has  been  opened  at  a  few 
places  and  the  clay  imderlying  it  shows  in  workable  thickness.  At 
the  coal  mine  of  the  Johnstown  Coal  Company  more  than  2  feet  of 
clay  were  seen,  and  near  Seward,  beyond  the  western  limits  of  this 
area,  12  feet  of  clay  occur  in  this  same  position,  6  of  which  are  worked 
by  the  Seward  Brick  Company.* 

Along  the  southern  edge  of  this  area,  at  Scalp  Level  and  Windber, 
where  the  Miller  coal  seam  is  worked  on  a  large  scale  by  the  Berwind- 
White  Coal  Mining  Company,  sandy  clay  was  observed  below  the 
Miller  coal  seam  at  Eureka  mine  No.  37. 

PRODUCTION. 

The  firms  named  below  are  engaged  in  the  brick  and  clay  industry 
in  this  area.  In  addition,  coal  companies  mining  the  Miller  coal  seam 
about  Johnstown  and  South  Fork  may  produce  small  quantities  of  the 
underlying  clay  for  use  in  the  local  brick  plants. 

Clay  miners, 

Page-Reigard  Mining  Company,  flint  clay,  Mineral  Point. 

W.  J.  WiUiams,  plastic  clay,  Kemville. 

Citizens*  Coal  Company,  plastic  clay,  Green  Hill  mine,  Johnstown. 

Robertson  &  Griflath,  plastic  clay,  St.  Clairs  Run,  Morrell villa. 


o  For  an  analysis  of  the  clay  underlying  the  coal  mined  at  Seward,  see  p.  348. 
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Manufacturers  of  fire  hrick. 

Harbison- Walker  Company,  Cambria  City. 

A.  J.  Haws  &  Sons  (Limited),  Johnstown  and  Coopersdale. 

Hiram  Swank  Sons,  Johnstown. 

South  Fork  Fire  Brick  Company,  South  Fork. 

Mamifacturers  of  buildina  brick. 

Cambria  Steel  Company,  Johnstown. 

Bruce  H.  Campbell  Brick  Company,  Sheridan. 

Johnstown  Pressed  Brick  Company,  Johnstown. 

The  following  table  gives  a  fair  idea  of  the  value  of  the  brick 
industry  in  this  region  during  the  past  two  years : 

Quantities  and  valu£S  of  clay  products  m  region  about  Johnstown,  Pa.,  in  1904  and  1905. 


1904. 

1905i 

Amount. 

Value. 

Amount. 

Value. 

• 

Building  brick,  including  red  and  fancy-colored  va- 
rieties   

6,946,000 
26,024,000 

$50,772 
482,647 

12,549,000 
33,648,000 

$88,444 

Fire  brick,  including  refractory  block  and  tile 

600.798 

32,970,000 

533,419 

46,197,000 

689,242 

SURVEY  PUBLICATIONS  ON  CLAYS,  FULLER'S 
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RECENT  WORK  ON  NEW  ENGLAND  GRANITES. 


By  T.  Nelson  Dale. 


AREA  CONSIDERED. 

During  the  summer  of  1905  the  writer  visited  all  the  important  gran- 
ite quarries  in  Maine,  and  in  1906  all  those  at  the  chief  granite  centers 
of  New  Hampshire,  Massachusetts,  and  Rhode  Island,  naniely,  Con- 
cord, Conway,  and  Milford,  in  New  Hampshire;  MiKord,  Quincy,  and 
Rockport,  in  Massachusetts,  and  Westerly  and  Niantic  in  Rhode 
Island.  The  quarry  at  Chester,  Mass.,  was  also  visited.  The  State 
of  Maine  cooperated  with  this  Survey  in  bearing  the  expense  of  the 
work  in  its  territory,  but  the  work  in  the  other  States  was  done  entirely 
at  the  expense  of  the  United  States  Geological  Survey. 

0  WORK  IN  MAINE. 

The  results  of  the  Maine  work  are  soon  to  be  presented  in  a  bulletin 
entitled  ^'The  granites  of  Maine,"  to  which  Dr.  George  Otis  Smith  has 
contributed  an  introductory  chapter  and  map  showing  the  geographic 
and  general  geologic  relations  of  the  granites  in  that  State.  The  bulle- 
tin will  also  include  the  statistics  of  granite  production  in  Maine  for 
1 905,  prepared  by  Miss  A.  T.  Coons. 

A  brief  outUne  of  this  forthcoming  report  on  the  Maine  quarries  may 
be  of  interest  to  persons  engaged  in  the  granite  industry. 

The  number  of  quarries  and  prospects  visited,  including  those  of 
''black  granite"  for  monumental  use,  amoimted  to  129.  The  capital 
invested  in  the  entire  Maine  granite  industry  in  1905  amoimted  to 
about  $3,500,000.  This  estimate  is  based  upon  fair  valuations  of  the 
quarries  themselves,  of  the  plants,  and  of  the  amount  of  ^'working  cap- 
ital" that  is  required  to  carry  on  the  present  business. 

The  report  is  designed  to  be  helpful  to  those  who  are  engaged  in 
quarrying  and  working  granite,  as  well  as  to  architects,  contractors,  and 
dealers  in  monumental  stone,  and  it  will  also  make  known  to  geologists 

356 
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the  results  of  such  scientific  observations  as  were  made  in  the  course  of 
the  work.  In  order  to  accomplish  these  various  purposes  it  has  been 
divided  into  two  parts — a  scientific  and  an  economic  part.  The  first 
is  practically  a  brief  text-book  on  granite  in  general,  illustrated  by  the 
granite  quarries  of  Maine  and  written  as  far  as  has  been  possible  in 
imtechnical  language,  so  as  to  be  inteUigible  to  working  and  business 
men.  This  part  treats  of  the  origin,  mineralogical  and  chemical  com- 
position, texture,  structure,  physical  properties,  and  classification  of 
granite  and  ^^ black  granites.''  Under  the  heading  ^^ Structure''  the 
nature  and  origin  of  sheets,  rift,  grain,  flow  structure,  joints,  headings, 
and  faults  are  considered.  Dikes,  veins, '  ^  knots  "  (segregations) ,  geodes, 
inclusions,  and  contacts  are  described  and  discussed,  as  well  as  the  dis- 
coloration and  decomposition  of  granite. 

In  the  economic  part  the  various  tests  of  granite,  the  adaptation  of 
the  stone  to  different  uses,  and  the  methods  of  granite  quarrying  are 
first  considered.  An  economic  classification  of  Maine  granites  based 
upon  visual  characteristics  is  next  given,  and  next  follow  the  descrip- 
tions of  the  quarries  and  their  products,  the  matter  here  being  arranged 
by  coimties  in  alphabetic  order.  These  descriptions  follow  a  uniform 
method,  taking  up,  in  succession,  (1)  the  name  and  location  of  quarry, 
name  and  address  of  operator  and  superintendent;  (2)  the  granite, 
including  its  description  in  the  rough  and  under  the  microscope, 
together  with  the  results  of  any  tests  and  analyses;  (3)  the  quarry, 
its  dimensions,  drainage,  and  water  supply;  (4)  the  stripping  and  rock 
structure;  (5)  the  plant,  including  an  enumeration  of  all  machines  and 
pneumatic  tools,  to  show  its  capacity;  (6)  the  means  of  transportation; 
(7)  labor,  both  of  men  and  animals;  (8)  product,  its  uses  and  market, 
together  with  the  names  and  location  of  a  few  buildings  or  monuments 
in  whose  construction  the  stone  has  been  used. 

At  the  end  of  the  report  is  a  bibliography  on  the  economic  geology 
of  granite  and  a  glossary  of  such  scientific  terms  as  were  unavoida- 
bly used  and  also  of  current  quarry  terms.  The  report  includes  14 
plates  illustrating  various  features  of  scientific  or  economic  interest 
in  the  quarries  or  their  product  and  39  text  figures.  Most  of  these 
text  figures  are  diagrams  showing  the  course  of  joints,  headings,  and 
dikes  at  the  quarries,  but  others  illustrate  ^^rift,"  sheet  structure, 
"sap,"  or  the  -use^  of  explosives,  or  show  the  location  of  individual 
quarries  at  the  industrial  centers.  The  situation  of  these  centers  is 
indicated  by  symbols  on  the  geological  map. 

WORK  IN  OTHER  STATES. 

A  report  on  the  granite  quarries  of  New  Hampshire,  Massachu- 
setts, and  Rhode  Island  will  follow  the  plan  of  the  economic  part  of 
that  on  Maine  granites,  but  will  include  such  supplementary  matter 
of  scientific  interest  as  has  been  collected  in  the  course  oi  tibia  ^^^^* 
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Eighty-eight  quarries  were  visited.  The  granite  of  nearly  all  of 
these  quarries  differs  from  that  of  those  in  Maine,  and  some  of  the 
geological  features  of  the  quarries  are  also  different.  These  granites 
differ  also  greatly  among  themselves,  as  may  be  seen  by  noting  the 
various  kinds  produced.  Among  these  are  the  fine-grained  Westerly 
granites,  so  well  adapted  to  the  most  delicate  sculpture,  and  the  Mil- 
ford,  N.  H.,  and  Chester,  Mass.,  granites,  which  somewhat  resemble 
them;  the  dark  homblende-augite  monumental  granite  of  Quincy, 
Ma^s.,  noted  for  its  high  polish;  the  massive  structural  granite  of  Mil- 
ford,  Mass.,  which  is  going  into  several  important  public  structures; 
the  medium-grained  light-gray  muscovite  granite  of  Concord,  N.  H., 
used  in  the  Congressional  Library  at  Washington;  the  olive-colored 
granites  of  Rockport,  Mass.,  and  Redstone,  N.  H.;  the  pink  granite 
of  Redstone,  N.  H.,  and  the  mottled  medium-gray  granite  of  Rock- 
port,  Mass. 

In  describing  these  stones  polished  specimens  of  one  or  two  typical 
granites  from  each  district  will  be  examined  by  the  Rosiwal  method, 
and  the  estimated  percentages  of  the  chief  mineral  constituents  will 
be  given  in  connection  with  the  microscopic  descriptions.  Some  of 
these  estimates  have  already  been  completed,  and  are  presented 
below  in  advance. 

The  ''extra  dark''  homblende-augite  granite  of  the  J.  S.  Swingle 
quarry  at  West  Quincy,  Mass.,  shows  feldspar,  56;  homblende-augite, 
10.50;  smoky  quartz,  33.50. 

The  ''dark''  granite  of  the  Granite  Railway  Company's  quarry  aj; 
the  same  place  shows  feldspar,  58.79;  homblende-augite,  7.47; 
smoky  quartz,  33.74. 

The  "dark"  granite  of  the  Maguire  &  O'Heron  quarry  at  Milton, 
near  Quincy,  shows  feldspar,  55.80;  homblende-augite,  11.10;  smoky 
quartz,  33.10. 

The  "medium"  granite  of  the  Wigwam  quarry  of  Badger  Brothers 
at  West  Quincy  shows  feldspar,  69.51;  homblende-augite,  8.43; 
smoky  quartz,  22.06. 

These  results  indicate  that  the  difference  in  the  shade  of  Quincy 
granites,  designated  commercially  by  "medium,"  "dark,"  and 
"extra  dark,"  is  due  partly  to  differences  in  the  percentage  of  the 
homblende-augite  and  partly  to  differences  in  that  of  the  smoky 
quartz. 

The  medium  gray  granite  from  the  Pigeon  Hill  quarry  (Lower 
quarry)  of  the  Pigeon  Hill  Granite  Company  at  Rockport,  on  Cape 
Ann,  Mass.,  shows  feldspar,  58.86;  hornblende,  7.26;  smoky  quartz, 
33.88. 

In  examining  the  fine-grained  granites  the  Rosiwal  method  is 
applied  to  camera  lucida  drawings  made  from  thin  sections,  with  an 
enlargement,  in  the  finest  ones,  of  40  diameters.     The  finest  of  the 
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Westerly  granites,  the  "white  granite''  of  the  New  England  Granite 
Works,  which  is  really  a  medium  pinkish  gray,  shows  when  thus 
examined  feldspar,  59;  black  mica,  3.85;  very  slightly  smoky  quartz, 
36;  magnetic  iron,  0.75;  white  mica,  0.50.  It  also  shows  that  the 
average  diameter  of  all  the  particles,  including  the  very  fine  particles 
of  magnetic  iron,  is  0.0069  inch,  or  0.175  millimeter;  but  the  coarser 
particles  of  feldspar,  quartz,  and  mica  as  measured  with  the  microm- 
eter range  in  diameter  from  0.015  to  0.439  inch,  or  0.39  to  1.122 
millimeters. 

The  study  of  the  numerous  economic  and  scientific  data  obtained 
at  all  these  quarries  is  not  sufficiently  advanced  to  permit  any  fur- 
ther preliminary  publication.     . 

The  two  reports  together  will,  it  is  hoped,  constitute  an  important 
contribution  to  an  authoritative  compend  of  the  economic  geology 
of  New  England  granites. 
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GLASS-MAKING  MATERIALS. 


GLASS-SAND   INDUSTRY   OF   INDIANA,   KEN 

TUCKY,  AND  OHIO. 


By  Ernest  F.  Burchard. 


LOCAL  GLASS-MAKING   INDUSTRY. 

Of  the  States  manufacturing  glass,  Indiana  and  Ohio  at  present 
occupy,  respectively,  second  and  third  rank.  The  total  value  of  their 
glass  products  amounted  in  1905  to  $23,733,137,  wliich  is  nearly  one- 
third  of  the  total  value  of  the  glass  made  in  the  United  States.  As 
the  glass  industry  is  largely  dependent  for  its  raw  materials  on  the 
mineral  deposits  sand  and  limestone,  the  investigation  of  these  mate- 
rials for  glass  making,  begun  in  1905  in  the  Mississippi  Valley,  was 
resumed  in  December,  1906,  in  the  Ohio  Valley.  It  is  of  interest  to 
note  the  sources  of  these  materials,  to  compare  their  costs  with  that 
of  other  materials  and  with  that  of  the  finished  product,  and  to  con- 
sider whether  any  economies  can  be  effected  in  their  production. 
The  following  table  shows  the  principal  materials  used  in  the  manu- 
facture of  glass,  their  quantity  and  cost,  and  the  character  and  value 
of  the  products  in  Indiana  and  Ohio  for  1905.** 

Glass-making  materials  used  by  hind,  quantity,  and  cost,  and  products,  by  hind  and  value, 

Indiana  and  Ohio,  1905. 


Materials  used,  total  cost 

Glass  sand tons. . 

Limestone tons. . 

Lime cwt. . 

Soda  ash  (carbonate  of  soda) tons. . 

Salt  cake  (sulphate  of  soda) tons. . 

Nitrate  of  soda tons. . 

Litharge  (red  lead) lbs. . 

Potash  or  pearlash lbs. . 

Pots,  not  made  at  factory No. . 

Lumber,  casks,  barrels,  boxes,  and. nails 

Caps,  metal  trimmings,  and  rubber  supplies 

Fuel  and  rent  of  power  and  heat 

All  other  supplies  and  materials 

Products,  total  value 

Building  glass 

Pressed  and  blown  glass 

Bottles  and  jars 

All  other  products 


Indiana. 


Ohio. 


Quantity.         Cost. 


Quantity. 


193,600 

27,120 

170,433 

55,249 

9,963 

2,156 

790,509 

435,100 

1,589 


$5,558, 

316, 

54, 

50, 

1,039, 

157, 

98, 

41, 

67, 
1,231, 

712, 
1,069, 

702, 

14,706, 

3,790, 

2,859, 

7,213, 

843, 


839 
265 
055 
492 
241 
341 
861 
106 
181 
263 
220 
312 
075 
427 
929 
618 
087 
456 
768 


81,541 

11,704 

104,321 

19,683 

5,547 

1,376 

2,441,307 

1,331,355 

1,070 


Cost. 


$2,836,521 

179, 152 

21,562 

21,281 

372,630 

87,946 

59,146 

140,837 

57,826 

71,980 

f)23, 406 

110,475 

621, 497 

454, 404 

9,026,208 

1,625,126 

3,954,660 

2,961,727 

484,695 


a  Census  of  Manufactures,  clay  and  glass  products,  1905:  Bulletin  U.  S.  Bureau  of  the  Census  No. 
64,1906. 
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In  Indiana  71  glass  works  are  in  business,  this  number  including  16 
temporarily  not  in  operation.  Of  these  71  plants,  39  make  general 
flintware,  17  window  glass,  3  plate  glass,  and  3  cast  and  rolled 
glass,  including  cathedral,  colored,  and  opalescent  glass;  9  confine 
their  product  to  green  and  amber  bottles,  and  some  green  and 
amber  ware  is  also  made  by  the  flint  factories.^ 

The  glass  works  are  situated  mainly  in  the  gas  belt  and  coal  fields 
of  the  State.  With  the  gradual  lessening  of  the  natural-gas  sup- 
pUes  during  the  last  five  years,  the  growth  of  the  industry  in  Indiana 
has  received  a  check.  Many  factories  have  been  moved  to  Kansas 
and  others  have  been  moved  from  the  gas  fields  to  points  within  the 
State  where  cheap  coal  can  be  obtained.  The  introduction  of  glass- 
blowing  machinery  has,  to  some  extent,  offset  the  increased  cost  of 
fuel  by  reducing  the  number  of  employees  and  enlarging  the  output 
of  the  works,  but  the  net  result  has  been  a  shght  loss  in  the  total 
value  of  products  since  1900. 

In  Ohio  there  are  50  glass  works,  one  of  which  is  temporarily  inac- 
tive. Of  these,  25  make  general  flintware;  16  window  glass,  1  plate 
glass,  and  2  cast  and  rolled  glass.** 

The  glass-making  industry  in  Ohio  is  in  a  prosperous  condition. 
From  1900  to  1905  the  value  of  products  increased  98.5  per  cent,  and 
the  amount  paid  in  wages  increased  118.2  per  cent. 

PRODUCTION  OF   GLASS  SAND. 


The  following  table  shows  the  relation  of  production  and  value  of 
glass  sands  produced  in  Indiana  and  Ohio  to  the  total  consumption 
of  the  material  in  these  States. 

Glass  sand  prod/weed  and  consumed  in  Indiana  and  Ohio  in  1905.  & 


Production. 

Consumption. 

ProduiJ- 

state. 

Quan- 
tity. 

Value. 

Quan- 
tity. 

Cost. 

tion  pro- 
portioned 

to  con- 
sumption. 

Short 
tons. 

TotAl. 

Average 
per  ton. 

Short 
tons. 

Total. 

Average 
per  ton. 

Per  cent. 

Indiana 

1,640 
76,460 

12,160 
79,999 

$1.32 
1.06 

193,600 
81,641 

$316,265 
179,157 

$1.63 
2.20 

0.84 

Ohio 

93.76 

From  these  figures  it  is  apparent  that  Indiana  is  producing  less  than 
1  per  cent  of  the  glass  sand  used  within  the  State;  also  that  the  sand 
produced  can  be  sold  for  about  81  per  cent  of  the  average  price  paid 
for  imported  sand.  This  is  a  perfectly  natural  condition,  since  the 
local  sand  has  the  advantage  of  a  differential  in  freight  rates  of  50 

o  Courtesy  of  The  Commoner  Publishing  Company,  Pittsburg,  Pa.,  January,  1907. 
b  statistics  of  production  by  A.  T.  Coons:  Production  of  glass  sand  in  1905;  Mineral  Resources  U.  S. 
tor  1905,  U.  8.  Geoi,  Survey,  1906. 
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cents  per  ton  over  the  sand  brought  from  the  Fox  River  (Illinois)  dis- 
trict and  the  Klondike  (Missouri)  district.  All  the  sand  that  can  be 
produced,  of  sufficient  purity  even  for  green  and  amber  bottles,  finds 
a  ready  and  waiting  market  at  good  prices.  These  conditions  are 
encouraging  to  producers  and  manufacturers  alike,  and  there  is  a 
tendency  now  on  the  part  of  certain  manufacturers  to  secure  for  them- 
selves reserves  of  imdeveloped  sandstone.  At  the  same  time  it  must 
be  remembered  that  no  large  quantities  of  sandstone  are  known  in 
Indiana  which  have  the  purity  of  the  St.  Peter  sandstone,  so  abundant 
farther  west.  Consequently,  for  certain  grades  of  glass,  there  will 
always  be  a  demand  for  sand  from  beyond  the  State.  As  to  the  quan- 
tities of  crushed  limestone  and  burned  lime  produced  within  the  State, 
there  are  at  present  no  definite  statistics,  but  the  procuring  of  these 
materials  does  not  seem  to  offer  any  serious  difficulties,  first,  because 
much  smaller  quantities  of  them  are  used  than  of  sand;  second, 
because  certain  quarries  in  Illinois  and  Ohio  have  a  well-established 
trade,  and  third,  because  Indiana  herself  has,  in  the  Mitchell  and 
Bedford  limestones,  inexhaustible  suppUes  of  satisfactory  material. 

According  to  statistics,  Ohio  produced  93.7  per  cent  as  much  glass 
sand  as  is  used  in  the  State.  A  large  part  of  this  product,  however, 
passes  from  the  eastern  part  of  the  State  to  glass  factories  in  western 
Pennsylvania,  and  a  corresponding  amount  is  brought  in  from  other 
States — ^notably  from  West  Virginia  and  Illinois — at  relatively  liigher 
prices.  Glass  works  are  estabUshed  within  an  area  extending  north 
and  south  across  the  State  from  Toledo  to  Cincinnati  and  as  far  east 
as  Steubenville.  Each  plant  is  usually  well  situated  with  regard  to 
fuel,  either  natural  gas  or  coal,  but  many  have  to  pay  excessive  freight 
charges  on  their  sand.  The  opening  of  new  deposits  and  the  readjust- 
ment of  markets  would  simplify  this  situation. 

Kentucky  has  only  recently  begun  to  manufacture  glass.  Fac- 
tories are  in  operation  at  Frankfort  and  Owensboro,  and  glass  sand  is 
produced  at  Tip  Top. 

PREPARATION    OF  GLASS    SAND. 

The  method  of  treatment  of  glass  sand  depends  on  the  character  of  the 
deposit  and  on  its  position.  The  materials  usedforglass  sand  in  c(mtral 
United  States  are  mainly  bedded  sandstones,  and  a  comphUi  pvocdHH  of 
preparation  includes  quarrying,  breaking,  crushing,  and  grinding  into 
componentgrains, screening,  washing,  draining,  drying,  and  final  scn^en- 
ing  to  various  sizes.  Some  beds  of  sandstones  are  so  lo()8<».  and  f  rial)le 
that  they  can  be  reduced  by  a  strong  hydraulic  jet;  hoixmi  pro(hj(5eTH 
dispense  with  the  operation  of  washing  their  sand,  otlH»rH  do  not  dry 
it.  It  has  been  shown  that  washing  improv(is  the  (juality  of  sand  of 
the  highest  grade.**     It  is  mistaken  economy  to  neghict  this  important 

oBmchard,  E.  F.,  Glass  sand  of  middle  Mississippi  tianln:  Bull.  V.  H.  Oool.  Hurvay  No.  285, 1(XM^ 
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phase  of  treatment  on  account  of  the  expense  of  installing  washers, 
for  the  price  of  sand,  and  often  its  use  or  rejection,  is  affected  by  the 
small  percentage  of  impurity  that  may  be  washed  away.  Two  meth- 
ods of  washing  are  followed.  One  method  involves  several  sets  of 
bins,  into  which  sand  and  water  are  elevated  or  pumped  so  that  the 
sand  settles  quickly  while  the  finer  impurities  are  washed  away;  the 
other  employs  a  crude,  open- top  pug  mill,  in  which  rotating  '^  augers'- 
or  screws  move  the  sand  up  inclined  troughs,  rolling  it  over  and  over 
so  that  by  attrition  it  is  freed  from  a  large  portion  of  its  impurities  and 
stain,  and  the  impurities  are  then  readily  removed  by  a  stream  of 
water  playing  down  the  troughs. 

Drying  is  effected  by  three  general  types  of  apparatus:  (1)  Rotary 
cylinders,  through  which  the  sg.nd  passes  iagainst  a  draft  of  flame  and 
hot  gas;  (2)  a  stationary  roaster,  and  (3)  coils  of  steam  pipes.  The 
first  method  involves  the  greatest  initial  cost,  but  is  by  far  the  most 
rapid  and  efficient.  Fuller  description  of  methods  of  obtaining  and 
preparing  sand  will  be  found  under  the  heading  ^  ^Detailed  descriptions 
of  sand  properties,^'  pp.  367-375. 

Sand  that  passes  a  60-mesh  sieve  or  one  of  smaller  mesh  is  regarded 
as  fine  grained ;  that  which  passes  30-  and  40-mesh  sieves  is  regarded 
as  medium  grained,  and  that  which  is  retained  by  30-  or  20-mesh 
sieves  or  sieves  of  coarser  mesh  is  considered  coarse  grained.  These 
divisions  have  been  made  the  basis  for  classifying,  according  to  their 
grain,  the  various  sands  mentioned  in  the  fallowing  notes. 

ROCKS    UTILIZED. 
INDIANA    AND    KENTUCKY. 

In  Indiana  sandstones  of  Silurian,  Devonian,  Carboniferous,  and 
Tertiary  age  have  been  utilized  for  glass  making,  but  at  present  the 
Carboniferous  sandstone  furnishes  the  greater  part  of  the  glass-sand 
output. 

Silurian. — Rocks  of  Niagara  age  extend  from  the  Illinois  line,  in 
Newton  County,  eastward  nearly  across  Indiana  and  cover  the  upper 
Wabash  Valley.  For  the  liiost  part  they  are  buried  under  a  great 
thickness  of  drift.  These  Niagara  rocks  consist  principally  of  mag- 
nesian  limestone  of  varying  composition  and  texture,  but  in  some  local- 
ities they  occur  as  thin  lenses  of  sandstone.  One  of  these  lenses, 
near  Kenneth,  Cass  County,  3  miles  west  of  Logansport,  is  5i  feet 
thick  and  is  composed  of  pure  white  quartz  sand,  containing  only 
traces  of  calcium  carbonate  and  iron.  Just  west  of  the  Hamilton- 
Madison  county  line,  at  a  point  IJ  miles  southwest  of  Fishersburg, 
a  5-foot  bed  of  very  pure  white  sandstone  has  been  quarried  for  glass 
making.  At  this  point  the  rock  is  massive,  fine  grained,  and  friable, 
and  is  overlain  by  less  than  1  foot  of  buff  magnesian  limestone,  over 
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which  he  18  to  24  inches  of  surface  clay.  Owujg  to  the  scarcity  of 
outcrops  and  the  thinness  of  the  beds  the  sandstone  of  the  Niagara 
fonnatioji  can  hardly  be  regarded  at  present  as  a  very  valuable 
source  of  glass  sand  in  this  region. 

Devonian. — Rocks  of  Devonian  age,  like  those  of  Silurian  age,  are 
covered  by  thick  drift  where  they  occur  in  the  northern  part  of  Indiana, 
but  farther  south  are  more  favorably  situated.  In  the  vicinity  of 
Pendleton,  28  miles  northeast  of  Indianapolis,  there  is  a  massive,  soft, 
white  sandstone,  varying  in  thickness  from  7  to  15  feet.  This  sand- 
stone is  suflBciently  pure  for  use  as  a  glass  sand  and  has  been  quarried 
as  such  at  Pendleton,  but  in  general  has  not  proved  thick  enough 
for  successful  exploitation. 

Carboniferous, — Sandstone  and  shale  of  Pennsylvanian  age  con- 
stitute the  country  rock  of  the  southwest  part  of  Indiana  from  Ohio 
River  northward  to  Benton  County,  for  a  distance  of  200  miles,  in 
which  they  outcrop  to  a  width  varying  from  2  to  3  miles  at  tlie  north 
and  reaching  75  miles  at  the  south.  These  rocks  dip  westward,  or 
a  Uttle  south  of  west,  so  gently  that  locally  they  are  nearly  horizontal. 
Active  quarries  at  Wolcott,  White  County;  Loogootee,  Martin 
County,  and  Coxville,  Parke  County,  are  in  Pennsylvanian  rocks,  the 
first  two  being  in  the  Mansfield  sandstone. 

The  Mansfield  sandstone,  or  ^^ Millstone  grit,''  the  basal  conglom- 
eratic sandstone  of  the  Pennsylvanian  series,  doubtless  is  more 
important  to  the  glass-sand  industry  than  any  other  formation  in  the 
State.  It  varies  greatly  in  texture,  color,  and  thickness.  Locally 
it  is  a  coarse  conglomerate,  which  grades  into  ^  coarse  sandstone,  and 
in  places  it  consists  of  alternating  sandy  and  pebbly  strata.  The 
sandstone  may  be  massive  or  thin  bedded,  and  at  many  places  it 
shows  cross-bedding.  The  rock  is  mostly  rather  friable,  but  along 
bedding  planes,  in  places  where  it  is  cemented  by  ferric  oxide,  it 
becomes  very  hard.  It  comprises  hollow  nodular  masses  and  tliin 
streaks  of  Umonite  and  thin  streaks  of  carbonaceous  matter  in  all 
stages  of  alteration,  from  decomposed  woody  matter  to  bituminous 
coal,  and  these  are  accompanied  by  seams  of  fire  clay.  The  color  of 
the  rock,  where  freshly  broken,  ranges  from  white  and  light  gray, 
through  buff,  yellow,  and  brown,  to  red.  The  outcrop  atea  of  the 
formation  is  about  12  miles  wide  from  west  to  east  in  Martin  County, 
where  the  rock  is  well  exposed  by  the  drainage  system  of  East  Fork 
of  White  River.  The  beds  strike  in  general  N.  12°  W.,  and  a  strip 
running  15  miles  wide  extends  in  Indiana  from  Ohio  River  at  Can- 
neltown,  Perry  County,  for  about  180  miles  north-northwest  into 
Benton  County,  where  it  becomes  hidden  by  consolidated  gravels, 
clays,  and  soils  of  Quaternary  age.  The  Man.s-fi(jld  sandstone  occurs 
in  Benton,  Jasper,  Owen,  Monroe,  Greene,  Lawrence,  Martin,  Daviess, 
Orange.  Dubois,  Crawford,  Perry,  and  Spencer  counties.     Owing  to 
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its  superior  durability,  it  has  expressed  itself  strongly  on  the  topog- 
raphy, forming  vertical  cliffs  and  capping  many  limestone  and  shale 
hills.  Its  observed  thickness  ranges  from  a  few  feet  to  more  than 
100  feet,  although  40  to  60  feet  are  the  usual  limits.  In  consequence 
of  its  position  above  ground-water  level  it  is  at  most  places  well 
situated  for  quarrying  and  is  also  well  situated  as  regards  transpor- 
tation faciUties,  since  no  less  than  16  railroad  lines  cross  its  area  of 
outcrop  in  Indiana. 

A  Pennsylvanian  sandstone  of  later  age  than  the  Mansfield  is 
worked  extensively  for  glass  sand  at  Coxville,  Parke  County.  The 
geologists  of  the  Indiana  survey  regard  this  rock  as  the  filling  of  a  val- 
ley or  channel  carved  in  the  ^^ Upper  Coal  Measures.'^  It  appears  to 
be  younger  than  coal  ^^VI^'  and  older  than  coal  ^^VII,*'  and  may 
correspoi^d  to  the  Merom  sandstone  of  Sullivan  County.  Other  evi- 
dences of  filled  channels  have  been  observed  in  Parke  and  Fountain 
counties,  and  in  Vermilion  County,  111.,  and  these  channels  have  been 
tentatively  referred  to  the  drainage  system  of  the  ^^  Coxville  Car- 
boniferous River.' '" 

TertiaryCi). — Deposits  of  sand,  gravel,  and,  in  places,  conglomerate 
occur  on  the  high  points  of  the  upland  bordering  the  Ohio  River  flood 
plain  in  Indiana  and  Kentucky.  G.  H.  Ashley  ^  mentions  their  occur- 
rence in  Spencer,  Perry,  Harrison,  Washington,  Floyd,  and  Clark 
counties,  Ind.,  and  the  writer  has  observed  deposits  of  a  similar 
nature  in  Hardin  County,  Ky.  As  these  fragmentary  deposits  are 
associated  with  an  old  peneplain  and  are  evidently  younger  than 
Carboniferous  and  oldei:  than  Quaternary,  they  are  regarded  by  Ashley 
as  of  Tertiary  age.  These  beds,  known  as  the  Ohio  River  formation, 
consist  of  white,  yellow,  red,  and  brown  sand  and  soft  sandstone, 
which  farther  south  attain  a  thickness  in  places  of  more  than  50  feet. 
The  grain  of  the  material  grows  coarser  from  south  to  north,  and  the 
thickness  of  the  deposits  decreases  notably  toward  the  north.  Beds 
of  various-colored  clays  are  found  at  or  near  the  bottom  of  the  deposits. 
Sands  of  the  Ohio  River  formation  have  been  dug  for  glass  material  at 
De  Pauw  and  New  Albany,  Ind.,  and  are  now  being  exploited  at  Tip 
Top,Ky. 

Maps  ahd  publications. — The  United  States  Geological  Survey  has 
not  yet  issued  topographic  or  geologic  maps  of  these  areas,  but  the 
Indiana  Geological  Survey  has  thoroughly  covered  the  ground  in  that 
State,  and  much  information  may  be  obtained  concerning  the  sand- 
stones from  the  twentieth,  twenty-first,  twenty-third,  and  twenty- 
eighth  annual  reports  of  the  Indiana  survey,  the  latter  containing  a 
State  geological  map. 

a  Ashley,  G.  11.,  The  coal  deposits  of  Indiana:  Twenty-third  Ann.  Kept.  Dept.  Geology  and  Natural 
Resources  Indiana,  Indianapolis,  1898,  pp.  80,  300,  345,  378,  385,  386,  and  406. 

b  Ashley,  G.  H.,  and  Kindle,  E.  M.,  The  geology  of  the  Lower  Carboniferous  area  of  southern  Indiana: 
Twenty-seventh  Ann.  Rapt.  Dept.  Geology  and  Natural  Resources  Indiana,  Indianapolis,  1903,  pp. 
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OHIO. 

Sandstones  of  Silurian  and  Carboniferous  age  are  at  present  being 
exploited  for  glass  sand  in  Ohio. 

Silurian, — Interbedded  with  the /^  Lower  Helderberg"  (^^  Water- 
lime' 0  limestones  are  a  few  beds  of  extremely  pure  silica  sandsjbone 
that  have  long  been  known  to  outcrop  in  northwest  Ohio,  in  Lucas  and 
Wood  counties,  and  in  Monroe  County,  Mich.  These  beds  have 
been  grouped  together  as  the  Monroe  formation  by  the  Michigan  Geo- 
logical Survey." 

The  quarries  at  Sylvania  and  Holland,  Ohio,  are  in  this  sandstone. 
Silurian  limestones  occupy  fully  one-third  of  the  area  of  the  State  and 
contain  lenses  of  sandstone  at  some  places,  as  in  Champaign  and  Logan 
counties. 

Carboniferous. — Sandstones  covering  a  wider  range  in  geological 
position  than  those  available  in  the  Silurian  occur  in  the  Carboniferous 
system  in  Ohio.  The  lowest  beds  utiUzed  are  formations  of  the 
Waverly  group  of  the  Mississippian  series,  locally  termed  the  Black 
Hand  formation,  which  is  worked  at  Black  Hand  on  Muskingum 
River,  below  Newark.  Other  localities  in  which  Mississippian  sand- 
stones are  worked  are  at  Rockbridge,  Hocking  County,  and  at  Akron. 

Rocks  of  early  Pennsylvanian  age,  belonging  to  the  ^^Conglomer- 
ate" group,  or  Pottsville  formation,  are  widespread  and  are  worked 
for  glass  sand  at  Chalf ants  and  Niles.  Sandstone  still  higher  in  the 
systein,  or  in  the  ^^  Lower  Coal  Measures,"  is  another  source  of  glass 
sand.  Such  is  the  Massillon  sandstone,  quarried  at  the  city  of  that 
name.  Topographic  maps  of  the  Akron,  Massillon,  and  Toledo  quad- 
rangles are  issued  by  the  United  States  Geological  Survey,  and  the 
Ohio  Geological  Survey  has  issued  a  number  of  geologic  maps  showing, 
in  a  general  way,  the  distribution  of  the  rock  formations  in  this  State. 
Among  the  most  useful  of  these  are  the  atlases  accompanying  Vol- 
umes V,  VI,  and  VII,  as  well  as  a  small-scale  map  in  Volume  VIII  and 
the  large  atlas  sheets  issued  in  1879. 

DETAILED  DESCRIPTIONS  OF  SAND  PROPERTIES. 

INDIANA. 

CoxmUe. — The  works  of  the  Acme  Glass  SandjCompany  are  located 
at  Coxville,  about  2  miles  northwest  of  Rosedale,  a  station  on  the 
Vandalia  line,  16  miles  northeast  of  Terre  Haute.  The  sandstone 
quarried  here  is  a  deposit  filling  an  erosion  channel  in  the  ^'Produc- 
tive Coal  Measures.' '  The  sandstone  is  exposed  to  a  height  of  about 
40  feet  above  the  flood  plain  of  Raccoon  Creek.  The  base  of  the 
deposit  is  not  exposed  in  the  quarry,  but  overlies  shale  and  coal  ''No. 
VI"  at  the  margins  of  the  channel,  which  are  some  600  feet  apart. 

a  Lane,  A.  C,  Rept.  State  Board  of  Geol.  Survey  for  1891-92,  Lansing,  Mich. ,  1893,  ^ . (5&. 
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The  beds  are  massive,  lie  nearly  horizontal,  and  are  covered  by  a  few 
inches  to  nearly  10  feet  of  drift  clay  containing  bowlders  and  gravel. 
This  sand  is  rather  soft,  of  medium-sized,  angular  grains,  and  the  mass 
ranges  from  white  to  light  brown  in  €olor.  Close  inspection  shows 
that  certain  beds  are  speckled  with  iron-oxide  spots  the  size  of  a  pin 
head,  so  closely  spaced  that  30  or  more  spots  appear  in  a  square  inch 
of  surface.  The  sand  is  slightly  micaceous  and  the  bed  contains  occa- 
sional clay  streaks.  When  crushed  and  dried  the  average  sand  has  a 
light  yellowish-brown  color,  due  to  impurities,  a  large  proportion  of 
which  might  be  removed  if  the  product  were  washed.  The  process 
of  treatment  is  simple.  After  the  customary  drilling  and  shooting 
down,  the  broken  rock  and  loose  sand  is  loaded  into  the  mill  by  a  steel 
bucket  on  a  cable  conveyer  and  dumped  directly  into  a  Blake  jaw 
crusher.  The  material  then  passes  through  one  set  each  of  corru- 
gated rolls  and  smooth  rolls  and  is  thus  separated  into  its  individual 
grains.  A  belt  conveyer,  elevator,  and  chute,  in  the  order  given, 
carry  the  sand  to  a  rotary  drier  burning  coke.  From  the  drier  the 
sand  may  be  delivered  directly  to  cars  or  stored  in  bins.  The  capacity 
of  this  mill  is  about  250  tons  a  day.  The  quarry  is  fairly  well  situated 
with  respect  to  transportation  facilities,  having  direct  connections 
with  the  Chicago  and  Eastern  Illinois  Railroad,  and  switching  connec- 
tions at  Rosedale  with  the  Vandalia  line.  The  market  for  this  sand 
consists  chiefly  of  glass  works  in  the  State  that  make  beer  bottles. 
Some  of  these  works  are  at  Terre  Haute.  Without  washing  the  sand 
is  not  satisfactory  for  flint  and  window  glass.  It  is,  however,  in  great 
demand  for  furnace  use.     Its  analysis  is  shown  on  page  376. 

Loogootee. — The  Loogootee  Glass  Sand  Company  operates  a  quarry 
in  Martin  County,  IJ  miles  east  of  Loogootee,  on  the  Baltimore  and 
Ohio  Southwestern  Railroad.  The  Mansfield  sandstone  occurs  in  this 
vicinity  in  its  typical  development,  forming  the  bluff  of  Boggs  Creek, 
about  50  feet  high,  and  it  is  reported  to  be  nearly  100  feet  thick,  as 
determined  by  drill.  A  face  of  25  feet  above  the  railroad  level  is  open 
in  the  quarry,  disclosing  masses  of  cross-bedded  white  to  brown, 
rather  coarse,  soft  sandstone  containing  a  thin  bed  of  fine,  quartz 
pebbles;  Thin  lenses  of  dark  iron-cemented  sandstone  are  common 
and  in  places  iron  oxide  has  been  segregated  to  such  an  extent  as  to 
form  lenses  1  foot  thick.  Streaks  of  carbonaceous  matter  further 
increase  the  percentsfge  of  impurity  in  the  deposit,  while  joint  planes 
.enlarged  to  a  width  of  6  inches  are  filled  with  clay  from  the  surface. 
All  these  objectionable  substances,  constituting  about  5  per  cent  of 
the  quarried  material,  are  separated  by  hand. 

The  equipment  of  this  plant  is  at  present  inadequate,  but  the  addi- 
tion of  more  complete  washers,  together  with  driers,  is  contemplated. 
From  the  quarry  the  material  is  wheeled  in  barrows  into  a  small  mill 
consisting  of  one  set  of  rolls,  a  rotary  screen  having  10  meshes  to  the 
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inch,  and  2  wash  bins.  A  belt  conveyer  delivers  the  sand  into  cars 
on  a  siding.  The  present  capacity  of  this  plant  is  150  to  200  tons 
weekly.  The  best  grade  of  sand  is  used  at  Loogootee  for  common 
bottles  and  fruit  jars>  Other  grades  are  used  for  molding,  and  some 
goes  to  the  large  lime  quarries  at  Mitchell  and  Bedford  for  stone  saw- 
ing. The  quartz  pebbles,  separated  by  screening,  are  reserved  for 
sale  separately. 

Wolcott. — The  quarry  at  Wolcott,  formerly  operated  by  the  Amer- 
ican Window  Glass  Company,  was  not  visited  by  the  writer,  but 
E.  M.  Kindle  has  made  mention  of  it  as  follows:" 

Just  west  of  Wolcott  the  Mansfield  sandstone  appears  at  the  surface.     It  is  exten- 
sively quarried  for  glass  making  in  the  southwest  quarter  of  section  25.     The  section 

exposed  in  the  quarry  shows: 

Ft.    ill. 

Surface  clay 6    8 

Light  bluish  gray,  coarse  sandstone  with  quartz    pebbles  scat- 
tered through  it 25 

The  sandstone  is  very  friable  and  in  part  of  the  quarry  is  but  little  more  than  an  un- 
consolidated sand. 

KENTUCKY. 

Tip  Top, — The  Kentucky  Silica  Company  has  opened  recently  a 
sandpit  at  Tip  Top,  Hardin  County,  28  miles  southwest  of  Louis- 
ville, on  the  Illinois  Central  Railroad.  Post-Carboniferous  sand, 
probably  of  Tertiary  age,  is  obtained  here  from  a  deposit  occupying 
the  highest  points  of  the  upland  surface  and  reaching  elevations  of 
400  feet  above  the  mean  level  of  Ohio  River.  As  stated  on  page  366, 
this  sand  is  probably  to  be  correlated  with  the  Ohio  River  formation 
of  the  Indiana  geologists.  It  here  attains  a  thickness  of  more  than 
50  feet  and  covers  40  or  more  acres.  The  deposit  consists  of  massive 
sandstone,  so  soft  and  so  poorly  cemented  that  it  crumbles  when 
touched.  The  sand  is  mainly  white  and  yellow,  the  yellow  sand 
constituting  the  upper  three-fifths  of  the  deposit.  Along  joints  the 
yellow  sand  has  been  stained  deep  red  by  infiltration  of  a  fine  red  silt 
from  the  surface.  The  lowest  beds  exposed  in  the  quarry  are  of  pure 
white,  very  fine-grained,  clear  quartz  sand,  and  interstratified  with 
them  are  a  few  lenses  and  bands,  2  to  6  inches  thick,  of  yellow  and 
white  plastic  clay.  At  the  lowest  point  excavated  in  the  quarry  a 
reef  of  fossiliferous  chert  has  been  uncovered,  but  this  was  not  visible 
at  the  time  of  the  visit.  Deep  drill  holes  within  one-half  mile  of  the 
deposit  do  not  encounter  any  such  beds  as  are  here  exposed  and  thus 
tend  to  confirm  the  beUef  as  to  the  fragmentary  nature  of  the  deposit. 
The  acreage  of  sand  available,  however,  has  proved  to  be  large  enough 
to  warrant  the  erection  of  an  efficient  plant  for  procuring  and  washing 
the  product. 

o  Kindle,  E.  M.,  Stratigraphy  and  paleontology  of  the  Niagara  in  northern  Indiana:  Twenty- 
eightli  Ann.  Report  Dept.  Geology  and  Natural  Resources  Indiana,  Indianapolis,  1904,  p.  417.  .^ 
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The  hydraulic  method,  so  successfully  used  in  the  Ottawa,  lU., 
glaj)H-sand  district,  is  employed  here  to  remove  the  sand  from  the  pit. 
Tlie  material  is  s^>  slightly  indurated  that  a  jet  of  water  from  the  noz- 
zle of  a  large  hose  is  sufficient  to  break  it  down,  free  it  from  the  inter- 
l>edded  clay,  and  wash  it  into  the  sump  of  a  Xye  pump  at  the  lowest 
p^>int  in  the  pit.  The  pump  raises  the  sand  about  12  feet  to  a  screen 
having  oncj-eightn  inch  meshes.  The  screened  sand  drops  through 
the  chut45  into  a  tank,  from  which  it  is  carried  by  a  gently  inclined 
elevator  out  of  the  pit  into  the  first  set  of  wash  bins.  The  washers 
c/>nsist  of  2  sets  of  2  bins  each,  the  bins  of  the  first  set  holding  about 
25  tons  each,  those  of  the  second  holding  about  40  tons  each.  A 
iUH'jmd  elevator  carries  the  sand  to  the  second  set  of  bins,  from  which 
a  second  Xye  pump  moves  the  sand  to  the  drain  bins.  The  sand  is 
not  subjected  to  any  further  drying.  The  drain  bins^  are  used  for 
storages  purposes  and  are  built  alongside  a  railroad  spur.  They  con- 
HiHt  of  3  bins  of  50  tons  capacity  each  and  3  of  40  tons  each,  making 
convenient  measures  in  loading  cars.  They  are  built  of  2  by  6  inch 
lumber,  laid  flat,  and  have  a  basal  compartment  8  feet  deep,  filled . 
with  cinders  to  insure  rapid  drying.  Owing  to  the  upland  location 
of  this  quarry  water  is  scarce,  and  the  problem  of  maintaining  a 
8t(?ady  and  adequate  water  supply  has  been  solved  satisfactorily  by 
utilizing  the  waste  waters  from  the  washers  after  thorough  settling, 
th(j  loss  from  evaporation  and  seepage  being  replenished  by  piping 
a  supply  down  from  a  pond  about  one-third  of  a  mile  distant.  The 
(lissect(Kl  topography  has  favored  the  construction  of  storage  and 
settling  bins.  The  present  capacity  of  this  plant  is  about  200  tons 
a  day,  and  it  is  planned  to  install  steam  driers  in  order  to  increase 
this  capacity  and  to  furnish  the  sand  in  better  condition.  The 
white  and  yellow  sands  are  worked  up  together,  and  after  washing 
make  a  light-colored,  clean  quartz  sand,  suitable  for  good  grades 
of  glass.  When  prepared  by  itself  the  white  sand  is  of  very  high 
grade,  while  the  deep  red  clay  sand  makes  an  excellent  molding 
material.  The  glass  sand  is  mostly  used  at  present  by  the  flint  and 
bottle  liouses  at  Frankfort,  Ky.  Analyses  of  this  sand  are  given 
on  page  376. 

OHIO. 

Sylvania. — The  plant  of  the  Toledo  Stone  and  Glass  Sand  Com- 
pany is  located  about  4  miles  southwest  of  Sylvania,  a  station  on  the 
Lake  Shore  and  Michigan  Southern  Railway,  10  miles  northwest  of 
Toledo.  Sandstone  and  dolomite  are  obtained  in  neighboring 
(|uarries  from  beds  of  the  Monroe  formation.  In  the  latest  Ohio 
Survey  reports  the  sandstone  phase  is  termed  the  Sylvania  sand- 
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stone,  and  the  limestone  phase  the  Lucas  Umestone.  The  rocks 
are  covered  by  only  a  thin  veneer  of  drift,  a  few  inches  to  2  or  3  feet 
thick.  The  surface  of  the  country  is  flat  and  the  rocks  are  quarried 
from  two  large  pits  trending  north-south,  or  with  the  strike  of  the 
rocks.  The  beds  dip  about  5*^  to  the  west,  the  sandstone  underlying 
the  dolomite  and  outcropping  on  the  east  of  it.  The  sandstone  quarry 
to  the  east  is  15  to  25  feet  deep  and  covers  about  2J  acres.  The 
dolomite  quarry  has  been  excavated  to  about  the  same  depth  and 
covers  about  twice  the  area  of  the  sand  quarry.  Numerous  springs 
emerge  near  the  bases  of  the  quarries  and  are  drained  by  ditches 
into  water  holes,  which  are  emptied  by  6-inch  pumps.  Between  the 
two  pits  stands  the  sand  mill,  with  its  necessary  trackage,  while  west 
of  the  dolomite  quarry  stands  a  mill  for  crushing  that  stone.  Both 
quarries  are  operated  on  the  same  plan.  The  sandstone  is  a  grayish 
to  white,  firm  rock,  in  thin  beds,  having  a  total  thickness  of  15  to  25 
feet.  At  the  base  of  the  sandstone  lies  a  conglomerate  of  dolomite 
pebbles  in  a  sandstone  matrix,  below  which  is  a  bed  of  hard,  fine- 
grained, dove-colored  dolomite  with  an  uneven  surface.  At  the  top 
the  sandstone  has  in  places  received  a  slight  yellowish  stain.  Its 
grains  are  rather  fine  and  under  a  field  lens  appear  to  be  clear  quartz, 
for  the  most  part  worn  smooth.  On  the  whole,  the  sand  is  a  very 
light-colored,  clean  material.  Compressed-air  drills  are  used,  and 
the  sand  is  blasted  and  loaded  into  trains  that  are  moved  by  gravity 
over  tracks  that  converge  at  a  turntable.  The  cars  are  drawn  up 
an  incline  by  cable  into  the  mill,  where  they  dump  into  a  Blake 
crusher.  When  crushed  the  sand  passes  through  three  sets  of  rolls 
is  washed  twice  by  the  ''auger''  method,  is  screened,  dried  by  steam 
coils,  screened  again,  and  stored.  From  the  stock  house  the  sand  is 
delivered  through  pipes  into  cars.  This  company  owns  and  oper- 
ates its  railroad  into  Toledo.  The  output  of  sand  aggregates  80  tons 
a  week  and  it  is  shipped  for  glass  making  mainly  to  Ohio,  Indiana, 
and  Pennsylvania.    An  analysis  of  the  sandstone  is  given  on  page  376, 

The  dolomite  is  not  burned,  nor  sold  as  building  stone,  but  is  all 
crushed  and  used  as  fluxing  material. 

Holland. — Near  Holland  and  Monclova,  about  10  miles  west  of 
Toledo,  interbedded  sandstone  and  dolomite  of  the  Monroe  forma- 
tion lie  near  the  surface,  as  at  Sylvania.  About  2^  miles  south- 
west of  Holland  are  the  quarries  of  the  Ohio  Stone,  Cement,  and 
Construction  Company  and  of  the  Lake  Shore  and  Michigan  South- 
em  Railway  Company.  Both  quarries  produce  only  crushed  dolo- 
mite at  present,  although  about  fourteen  years  ago  glass  sand  was 
obtained  here,  crushed,  screened,  cleaned  l)y  fan  draft,  and  about 
1,000  cars  of  it  were  shipped  to  the  glass  factory  at  Maumee.     The 
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beds  have  a  low  dip  to  the  west  and  in  a  generalized  section  are 
stratified  as  follows- 

Generalized  section  near  Holland^  Ohio. 

Feet. 

1.  Glacial  drift,  clay,  pebbles,  and  bowlders 0-  5 

2.  Dolomite,  dense,  fine-grained,  in  thin  beds 10± 

3.  Sandstone,  grayish-white,  friable,  of  fine,  rounded  grains 15db: 

4.  Dolomite,  very  hard,  siliceous 2 

5.  Sandstone,   similar  to  No.   3,   bottom  not  visible,   reported 

thickness 60 

At  the  time  of  visit  mills  and  quarries  were  closed  for  the  winter 
and  the  old  sandstone  pit  was  filled  with  water.  The  sand  appears 
to  be  of  good  grade,  and  as  the  quarries  are  connected  with  the  Lake 
Shore  and  Michigan  Southern  main  line  by  a  well-constructed  spur 
it  is  probable  that  the  production  of  glass  sand  will  at  some  time  be 
resumed. 

Tohoso. — The  E.  H.  Everett  Company  operates  a  large  quarry  one- 
half  mile  west  of  Toboso,  a  station  on  the  Baltimore  and  Ohio  Rail- 
road, about  15  miles  east  of  Newark.  The  quarry  is  in  sandstone 
and  conglomerate  beds  that  outcrop  in  bluffs  about  60  feet  high  on 
the  right  bank  of  Muskingum  River.  About  30  feet  of  sandstone 
are  now  worked  after  stripping  the  top  5  to  20  feet,  which  are  of  thin- 
bedded  and  shaly  sandstone.  The  quarry  can  be  worked  probably 
to  river  level,  about  15  feet  lower,  since  the  rock  contains  very  little 
water  to  that  depth.  The  fresh  quarry  face  presents  on  the  whole 
the  appearance  of  a  uniformly  yellowish-brown  sandstone.  The 
rock  is  massive,  cross-bedded,  rather  coarse-grained,  and  contains 
many  layers  of  fine  to  coarse  quartz  pebbles.  Some  of  these  pebbles 
attain  a  diameter  of  three-fourths  inch.  A  few  streaks  of  white 
sandstone  occur,  composed  of  clear  quartz  and  white,  opaque  quartz 
grains  with  a  sprinkling  of  fine  black  specks,  mainly  of  tourmaline 
and  hornblende.  Rarely  there  are  seams,  2  to  4  inches  thick,  of 
siliceous,  iron  ore  and  a  few  thin  clay  seams.  The  sand  is  drilled 
by  steam,  shot  down,  and  loaded  into  skips,  which  travel  on  trucks 
to  the  middle  of  the  quarry,  where  the  skip^  are  picked  up  by  cable 
conveyer  and  carried  to  the  mill.  This  cableway  is  about  900  feet 
long  and  well  illustrates  the  efficiency  of  this  method  of  handling  sand. 
The  sandstone  is  reduced  first  by  a  jaw  crusher,  next  by  a  16-ham- 
mer  Williams  mill,  is  next  screened,  and  then  ground  in  a  wet  grinder, 
or  vat,  in  which  two  heavy  iron  rollers  or  '' chasers''  revolve  at  the 
ends  of  an  axle.  Washing  is  accomplished  by  two  sets  of  ''augers,'' 
each  set  consisting  of  two  screws  10  feet  in  length,  which  carry  the 
sand  up. inclined  troughs  against  a  flow  of  water.  Water  for  wash- 
ing is  obtained  from  Muskingum  River,  which  at  times  is  very  muddy, 
and  it  would  seem  preferable  if  clear  water  could  be  used.     Possibly 
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this  might  be  obtained  from  wells  in  the  sandstone  sunk  below  river 
level  or  to  the  first  shale  bed.  When  finished  the  sand  is  of  a  light 
brownish-yellow  color,  evidently  containing  a  high  percentage  of 
ferric  oxide  as  compared  with  most  glass  sands.  The  whole  output, 
averaging  120  tons  a  day,  is  used  by  the  American  Bottle  Company 
at  Newark  in  the  manufacture  of  green  and  amber  bottles.  The 
quartz  pebbles,  or  gravel,  separated  in  screening,  constitute  an 
important  by-product  of  the  sand  and  are  sold  for  sand  blasting. 

ChcHfants, — ^The  Central  Silica  Company,  with  offices  at  Zanes- 
ville,  operates  quarries  at  Chalfants,  Perry  County,  and  at  Rock- 
bridge, Hocking  County.  The  sandstone  utilized  at  Chalfants  lies 
high  in  the  bluff,  125  feet  above  the  Baltimore  and  Ohio  Railroad 
track.  The  r6ck  is  a  light  grayish-yellow  sandstone,  massive  at  the 
base  but  becoming  thin-bedded  at  the  top,  and  about  35  feet  thick. 
A  few  layers  contain  small,  rounded  quartz  pebbles.  The  sandstone 
is  underlain  and  overlain  by  clay,  the  upper  clay,  3  to  10  feet  thick, 
forming  the  surface  of  the  hill.  About  2  feet  of  sandstone  is  left  at 
the  base  for  a  floor.  The  next  20  feet  of  beds  are  easily  crushed  and 
worked  into  glass  sand,  while  the  upper  10  to  12  feet,  which  is  a  very 
fine-grained  material,  indurated  nearly  to  a  quartzite,  is  crushed 
and  mixed  with  the  overlying  clay  to  form  ganister.  The  rock  is 
lowered  to  a  mill  at  the  base  of  the  hill  by  a  cable  incline,  or  tram- 
way, crushed,  screened,  washed  by  "  augers,' '  and  dried  in  a  rotary 
drum.  Of  the  finished  product  the  glass  sand  goes  to  window  and 
bottle  plants  in  central  Ohio,  and  the  ganister  and  pebbles  are  mainly 
taken  by  steel  mills  in  Detroit,  Mich. 

It  is  probable  that  a  vast  amount  of  good  material  is  still  available 
in  the  sandstone  of  Licking,  Muskingum,  and  Perry  counties. 

MassiUon. — ^The  Everhard  Company  and  the  Soimhalter  Sand 
and  Stone  Company  are  deriving  glass  sand  from  the  MassiUon 
sandstone  of  the  '^Coal  Measures.''  In  the  Everhard  quarry  about 
.40  feet  of  grayish  and  buff-colored  sandstone  are  exposed.  The  rock 
of  the  lowest  beds  is  coarse  grained  and  at  some  places  has  been 
used  for  making  grindstones.  The  middle  beds  are  fine  to  medium 
grained,  and  the  upper  beds  in  places  grade  into  shale.  Shale  under- 
lies the  sandstone  and  clay  overlies  it.  The  Everhard  quarry  is  one 
of  the  oldest  in  the  State,  as  it  was  opened  nearly  70  years  ago  and 
at  present  the  quarry  face  extends  for  more  than  one-fourth  of  a 
mile.  The  preparation  of  the  sand  is  accomplished  in  a  very  com- 
pact and  efficient  mill.  The  process  comprises  crushing,  rolling, 
screening,  and  drying.  The  drying  is  effected  by  two  16-foot  double- 
draft  rotaries,  which  bum  natural  gas.  The  sand  is  then  elevated 
to  cooling  drums,  where  the  fine  dust  is  drawn  out  by  fans.  This 
method  of  removing  the  dust  is  supposed  to  obviate  the  necessity 
of  washing  the  sand.     The  finished  product  is  a  lio;ht-Yelks^  ^  -fe^fe 
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to  medium-grained,  partly  angular  sand.  It  is  used  mostly  in  Mas- 
sillon  by  manufacturers  of  green  and  amber  bottles.  An  analysis  of 
the  sand  is  given  on  page  376.  The  Everhard  brick  plant,  consisting 
of  a  mill  arid  6  down-draft  kilns  has  been  built  in  the  southern  part 
of  the  quarry.  Here  fire  clay  mined  2J  miles  from  the  plant  is 
utilized  in  the  manufacture  of  a  fine,  mottled,  fire-faced  brick. 

The  Sonnhalter  quarry,  adjoining  the  one  just  described,  pro- 
duces glass  sand  and  an  even-grained,  pink  building  stone.  At  this 
quarry  the  sand  is  washed  and  is  dried  in  a  Ruggles-Cole  rotary 
dryer.     An  analysis  of  the  Sonnhalter  sand  is  given  on  page  376. 

The  quarries  of  the  Massillon  Sand  and  Stone  Company  and  of  the 
Wetter  Steel  Sand  Company  are  also  in  the  Massillon  sandstone  at  a 
distance  of  one-half  mile  from  the  Sonnhalter  quarry.  These  firms 
are  now  producing  mill  sands  rather  than  glass  sand,  for  which  they 
have  suitable  material. 

Small  quantities  of  glass  sand  and  larger  quantities  of  sand  for 
metallurgical  purposes  are  produced  at  Barrs  Mills,  Dundee,  and 
Strasburg,  Tuscarawas  County;  Twinsburg,  Summit  Coimty;  War- 
wick, Wayne  County;  Killbuck,  Holmes  County,  and  Layland, 
Coshocton  County,  all  in  east-central  Ohio. 

Alcron,— The  quarry  of  the  Akron  White  Sand  Company  is  about 
3  miles  northv^est  of  the  center  of  Akron,  on  the  line  of  the  Northern 
Ohio  Railway,  on  the  brow  of  a  scarp  overlooking  the  valley  of 
Cuyahoga  River.  At  this  place  12  to  20  feet  of  fine-grained,  sharp, 
gray  to  buff  sandstone  above  and  16  feet  of  pebbly  conglomerate 
below  are  utilized. 

The  sand  is  crushed,  rolled,  screened,  and  dried,  and  is  at  present 
all  sold  for  steel  making,  while  the  coarse  pebbles  from  the  con- 
glomerate are  used  for  concrete  work. 

Niles, — The  National  Sand  and  Stone  Company  operates  a  large 
quarry  and  mill  about  4  miles  south-southwest  of  Niles,  near  Austin- 
town,  on  the  Erie  Railroad.  Sandstone  of  Pennsylvanian  age  is 
quarried  here  from  a  large,  open  cut  25  feet  deep.  The  face  shows 
8  feet  of  yellow  to  reddish  sandstone  at  the  top,  with  15  feet  of  gray 
to  white  sandstone  below.  The  beds  have  a  slight  dip  to  the  north 
and  are  composed  of  a  moderately  coarse,  subangular  quartz  sand, 
showing  cross-bedding  and  containing  in  places  near  the  base  of 
the  quarry  some  carbonaceous  material  in  streaks  and  bands,  one 
of  which  reaches  6  inches  in  thickness.  The  sand  is  sorted  in  the 
quarry  and  four  grades  are  produced.  The  three  best  grades  are  sent 
to  glass  factories  in  Pennsylvania,  principally  for  window  glass,  and 
the  fourth-grade  sand  is  sold  for  furnace  and  mill  purposes.  A  sym- 
metrically arranged  mill  completes  the  preparation  of  the  sand, 
which  passes  in  turn  through  a  high-speed  jaw  crusher,  a  wet  grinder, 
a  reel  screen,  three  sets  of  ^  ^  auger '^  washers,  further  screens,  and 
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then  is  pumped  through  a  deHvery  pipe  to  various  places  in  the 
large  drain  room.  The  floor  of  this  room  is  constructed  of  coarsely 
crushed  rock  covered  by  mineral  wool.  The  sand  is  dried  in  a  sta- 
tionary roaster,  the  essential  parts  of  which  are  (1)  an  uncovered 
oblong,  iron  box,  roughly  estimated  at  7  feet  wide,  25  feet  long,  and 
2  feet  deep,  fitted  with  a  bottom  of  grate  bars;  (2)  a  fire  box  directly 
below  the  grate,  but  separated  from  it  by  a  slanting  sheet  or  plate  of 
iron. 

The  sand  is  dropped  from  the  belt  into  the  open  box,  the  capacity 
of  which  is  about  25  tons.  While  drying  it  sifts  slowly  through  the 
grate  at  the  rate  of  3  tons  an  hour,  falls  on  the  hot,  inclined  plate 
above  the  fire,  and  slides  out  onto  a  screw  conveyer  which  operates 
in  front  of  and  at  the  base  of  the  drier.  After  one  more  screening 
the  sand  is  stored  ready  for  shipment. 

Glass  sand  is  reported  to  be  produced  at  Leavittsburg,  Trumbull 
County,  about  10  miles  northwest  of  the  Austinto^vn  quarries. 

Undeveloped  sand. — Sandstones  as  yet  undeveloped,  but  known 
to  be  suitable  for  glass  making  and  for  other  purposes  for  which  a 
high-grade  sand  is  in  demand,  occur  in  Holmes,  Jackson,  Knox, 
Licking,  and  Muskingum  counties,  mainly  in  the  ^'Coal  Measures''  or 
Sharon  conglomerate  area  of  the  State. 

CHEMICAL  ANALYSES. 

The  analyses  here  tabulated  represent  for  the  most  part  the  best 
product  from  each  locality.  The  only  criticism  that  might  be  ofTered 
is  that  analyses  are  usually  made  from  small  selected  samples  and  do 
not  represent  average  carload  lots.  Samples  taken  from  the  cars 
invariably  show  slightly  greater  percentages  of  impurities. 
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NOTES   ON   VARIOUS    GLASS    SANDS,    MAINLY 

UNDEVELOPED. 


By  Ernest  F.  Burchard. 


Information  relative  to  glass  sands  is  occasionally  obtained  in  con- 
nection with  geological  surveying,  and  some  data  thus  procured  are 
presented  here  to  show  the  wide  range  in  the  geologic  age  and  geo- 
graphic distribution  of  suitable  material. 

Alabama, — Near  Gate*  City,  on  the  east  side  of  Red  Mountain,  the 
formation  heretofore  mapped  as  the  ^^Oxmoor'*  by  the  Alabama  Geo- 
logical Survey,  composed  of  sandstone  and  beds  of  shale,  has  an  out- 
crop width  of  1,000  feet  on  both  sides  of  Red  Gap.  The  formation 
is  nearly  200  feet  thick  and  includes  one  sandstone  bed  about  75  feet 
thick.  The  beds  dip  southeastward  at  an  angle  of  about  10°.  The 
"Oxmoor''  sandstone  is  of  Mississippian  age.  It  is  composed  of  rela- 
tively pure  quartz  sand  having  very  fine,  subangular  grains,  which 
appear  nearly  white  in  mass.  The  rock  is  very  soft,  breaking  down 
and  crushing  easily.  Quarries  which  are  worked  intermittently  for 
mill  sand  have  been  opened  onboth  sides  of  Red  Gap.  About  twenty 
years  ago  a  small  bottle  plant  operated  at  Gate  City  demonstrated 
that  this  sand  was  suitable  at  least  for  common  bottles  and  fruit  jars. 
It  has  been  used  also  by  the  Dixie  Glass  Works  at  Tallapoosa,  Ga. 

Gate  City,  just  on  the  outskirts  of  Birmingham,  is  on  the  line  of  five 
railroads  which  enter  Birmingham  by  way  of  iled  Gap,  and  is  there- 
fore favorably  situated  with  regard  to  material,  fuel,  transportation, 
and  market.  No  glass  factory  can  be  operated  as  many  months  of  the 
year  at  •this  latitude  as  can  those  in  the  North,  but  if  window  glass 
could  be  made  from  this  sand  there  is  little  doubt  that  it  would  find 
a  ready  market. 

About  seven-eighths  mile  northeast  of  Trussville,  a  station  on  the 
Alabama  Great  Southern  Railroad,  15  miles  northeast  of  Birmingham, 
sand  quarries  utilize  the  ^^Oxmoor''  sandstone,  as  well  as  a  reddish 
loaiii  that  overlies  it.  This  loam  may  be  of  Tertiary  (Lafayette)  age. 
The  characteristics  of  the  '^Oxmoor''  sandstone  here  are  similar  to 
those  of  the  beds  at  Gate  City.  Analyses  of  samples  of  this  sandstone 
taken  at  both  localities  are  given  on  page  382.     At  present  the  silica 
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sand,  with  an  admixture  of  the  red  loam,  is  shipped  in  large  quanti- 
ties to  mills  at  Birmingham,  Bessemer,  Ensley,  and  New  Decatur, 
Ala.,  where  it  is  used  for  molding  purposes. 

At  North  Birmingham  the  Lookout  sandstone,  of  early  Pennsyl- 
vanian  age,  is  Quarried  for  sand-lime  brick  making.  Certain  beds  of 
this  sandstone  might  prove  pure  enough  for  glass.  The  rock  is  of 
coarser  grain  than  the  ^'Oxmoor,"  but  is  very  firmly  cemented  and  is 
consequently  harder  to  crush.  Its  chemical  composition  is  shown  on 
page  382. 

Arkansas. — Attention  was  called  in  an  earlier  paper  "  to  deposits 
of  glass  sand  of  excellent  grade  on  White  River,  in  northern  Arkansas. 
These  are  practically  inexhaustible  and  of  the  same  age  (Ordovician, 
St.  Peter  formation)  as  the  great  Pacific,  Missouri,  and  Fox  River,  Illi- 
nois, deposits.  It  is  of  interest  to  note  that  near  Guyon,  on  the  White 
River  branch  of  the  Missouri  Pacific  Railroad  the  exploitation  of  these 
deposits  has  recently  been  undertaken,  and  it  is  reported  that  the 
glass  sand  is  to  be  used  for  flint,  window,  and  bottle  glass  at  Coffey- 
ville,  Kans.     (See  p.  382  for  analyses.) 

Georgia, — The  rare  use  of  a  river  sand  for  glass  making  is  reported 
from  Augusta,  Ga.  Sand  obtained  along  Savannah  River  is  shipped 
to  Chattanooga,  Term.,  where  bottles  are  successfully  made  from  it. 
The  sand  is  composed  of  fine  to  coarse  angular  grains  of  quartz,  both 
clear  and  milky  varieties  being  present.  In  mass  it  has  a  light  gra.y 
or  dingy  white  color. 

Florida, — The  unusual  cleanness  and  even  grain  of  the  Gulf  beach 
sand  at  Pensacola,  Fla.,  suggested  to  the  writer  its  suitability  for 
glass  making,  and  analysis  of  this  sand  (see  p.  382)  shows  that  it  pos- 
sesses the  requisite  purity.  The  sand  is  slightly  coarse,  the  greater 
part  of  it  passing  a  20-mesh  sieve,  but  not  40-mesh.  Although  at 
present  remote  from  any  glass-making  centers,  the  deposit  is  not  far 
from  lines  of  rail  and  water  transportation. 

Iowa. — The  Potsdam  sandstone  (Cambrian)  and  the  St.  Peter  sand- 
stone (Ordovician)  occurring  along  Mississippi  River  in  northeastern 
Iowa  have  already  been  mentioned  as  available  glass-making  mate- 
rials.^ In  addition,  it  is  now  possible  to  give  certain,  information 
concerning  the  Dakota  sandstone  (Cretaceous)  in  the  nortltwestem 
part  of  the  State.  This  rock  has  been  found  in  quantity  and  purity 
sufficient  to  make  it  a  possible  source  of  sand  for  making  bottle  glass. 
It  outcrops  in  bluffs  along  Floyd  River  valley  northeast  of  Sioux 
City  and  has  been  quarried  for  building  and  molding  sand  near  the 

a  Burchard,  E.  F.,  Glass  sands  of  the  middle  Mississippi  basin:  Bull.  U.  S.  Geoi.  Survey  No.  285, 1906, 
p.  470. 
b  Burchard,  E.  F.,  ibid.,  p.  471. 
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Springdale  station  of  the  Sioux  City-Leeds  trolley  line.  Between  35 
and  40  feet  of  massive,  cross-bedded,  soft  sandstone  with  thin  clay 
partings  are  exposed.  The  top  is  overlain  by  10  to  80  feet  of  loess. 
The  sand  is  a  fine  to  medium  grained  quartz,  rather  angular,  and  carries 
a  small  proportion  of  mica  flakes.  Its  color  ranges  from  pure  white 
through  gray  to  yellow  and  dark  brown.  The  average  is  light  yellow. 
Where  iron  stained  the  objectionable  material  is  usually  hard  enough 
to  be  thrown  out  in  blocks.  Generally  the  rock  is  so  friable  that  it 
could  conveniently  be  worked  by  hydraulic  methods.  This  sand- 
stone is  well  situated  for  quarrying  and  transportation,  as  it  is  close 
to  the  tracks  used  jointly  by  the  Chicago,  St.  Paul,  Minneapolis  and 
Omaha  and  the  Illinois  Central  railroads.  The  Dakota  sandstone  is 
exposed  also  at  the  base  of  Prospect  Hill  in  the  Missouri  River  bluffs, 
and  the  top  of  the  formation  is  low  in  the  bluffs  of  Big  Sioux  River, 
opposite  Riverside  Park.  Fuller  descriptions  of  the  Cretaceous  sands, 
clays,  and  limestones  of  this  region  and  a  map  of  their  distribution  is 
given  in  a  local  publication." 

Kansas, — Probably  nowhere  in  the  United  States  is  there  at  present 
a  greater  need  for  a  local  supply  of  glass  sand  than  in  southeastern 
Kansas.  In  the  gas  belt  there  are  10  window-glass  factories  and  8 
flint  or  bottle  and  jar  factories  in  Kansas  and  1  factory  across  the  line 
in  Indian  Territory.  All  these  are  obtaining  sand  from  eastern  Mis- 
souri, and  in  addition  to  the  selling  price  of  the  sand  the  consumers  are 
paying  three  to  three  and  one-half  times  that  amount  in  freight  charges. 
Besides  the  disadvantage  of  the  high  cost  of  sand  these  plants  are  at 
times  subjected  to  a  sand  famine,  due  to  the  inability  of  remote  pro- 
ducers to  fill  their  orders  promptly  and  to  the  inability  of  railroads  to 
move  the  material  when  it  is  needed.  The  sandstone  in  the  Buxton 
formation  has  been  thoroughly  prospected  with  a  core  drill  at  several 
localities  near  Fredonia.  A  typical  section  revealed  by  this  drill  is  as 
follows: 

Section  of  drill  hole  in  Buxton  formation  near  Fredonia,  Kans. 

Ft.  in. 

Light-brown,  slightly  coarse-grained  sandstone 3  1 

Light  yellowish-gray,  medium-grained  sandstone,  with  a  few  iron- 
oxide  specks  near  top  and  l)ottom  of  bed 4  10 

Brownish,    medium-grained,    speckled    sandstcme,    considerably 

stained  by  iron  oxide 7  2 

Gray  calcareous  sandstone : 0  6 

Total 15    7 

oBurchard,  E.  F.,  Geology  of  Dakota  County,  Nebraska:  Proc.  Sioux  City  Acad.  Sci.  and  Letters, 
vol.  1,  1904,  pp.  135-184. 
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.  In  January,  1907,  a  trial  of  this  sand  was  begun  at  the  works  of  the 
Fredonia  Window  Glass  Company.  The  sand  was  hauled  by  wagon 
to  the  works  and  was  found  to  make  glass  of  excellent  quality. 

Near  the  town  of  Fall  River  the  Buxton  sandstone  is  exposed  at 
several  places  by  the  drainage  system  of  Fall  River.  The  sandstone 
here  is  about  20  feet  thick  and  is  parted  near  the  middle  by  a  thin  clay 
seam.  The  upper  bed  of  sandstone  is  generally  iron  stained,  espe- 
cially at  the  top  and  immediately  above  the  clay  seam.  Below  the 
clay  seam  is  4  to  5  feet  of  very  clean,  grayish-white,  angular  sand- 
stone, rather  friable.  This  deposit  is  close  to  the  Frisco  Railroad 
tracks.  West  of  the  town  it  would  have  to  be  quarried  from  a  pit, 
but  east  of  the  town  it  rises  in  a  bluff  that  stands  about  30  feet  above 
railroad  level.  Associated  with  the  sandstone,  but  somewhat  above 
the  beds  just  described,  is  a  limestone,  probably  the  Painterhood," 
which  might  be  quarried  at  the  same  time  and  used  for  glass  making. 
Analysis  of  a  small  sample  of  this  rock  by  George  Steiger,  of  the 
United  States  Geological  Survey,  is  as  follows: 

Analysis  of  liTtiestorie  from  Fall  River,  Kans. 

Silica  (SiOa) 2.56 

Alumina  ( AI2O3) 1. 55 

Ferric  oxide  (FcgOg) .50 

Ferrous  oxide  (FeO) 47 

Magnesia  (MgO) 06 

Lime(CaO) 51.98 

Water  (H2O) , 1.36 

Carbon  dioxide  (COo) 41.13 

Missouri. — Just  south  and  east  of  the  town  of  Versailles,  Mo.,  lies 
a  belt  of  saccharoidal  sandstone,  which  is  exposed  at  the  top  of  the 
escarpment  overlooking  the  ravines  at  the  headwaters  of  Little 
Gravois  Creek.  This  sandstone  is  almost  everywhere  capped  by  iron- 
stained  quartzite,  in  some  places  cherty.  The  rock  strikes  northeast- 
southwest  and  has  a  low  dip  to  the  southeast.  It  is  overlain  in  places 
by  cherty  beds  and  a  very  fine-grained  sandstone  or  ^'cotton  rock." 
The  sandstone  is  regarded  as  the  equivalent  of  the  Roubidoux  sand- 
stone, of  the  Ordovician  system,  although  some  of  the  beds  may  be 
sandstone  of  Carboniferous  age  that  has  been  deposited  in  connection 
with  the  thick  masses  of  cannel  coal  that  are  found  here  in  pockets  or 
sink  holes.  The  .apparent  thickness  of  the  sandstone  reaches  25  feet 
in  places,  although  the  actual  thickness  may  be  less  than  this,  since 
the  exposures  are  principally  on  hillsides  that  slope  in  the  direction  of 
the  dip.     Below  the  cap  of  quartzite  the  sand  is  white  and  friable, 

oSchrader,  F.  C,  and  Haworth.  Erasmus,  Economic  geology  of  the  Independence  quadrangle,  Kan- 
sas: BuU,  U,  §,  Cteol.  Sun-ey  No.  296, 1907. 
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except  near  joint  planes,  where  it  is  somewhat  iron  stained  and  harder. 
The  sand  is  white  to  yellowish,  water-worn,  and  partly  subangular; 
100  per  cent  of  the  grains  pass  a  20-mesh  sieve,  23  per  cent  pass  a  40- 
mesh,  23  per  cent  pass  60-mesh,  and  11  per  cent  pass  80-mesh.  There- 
fore the  sand,  although  uneven,  is  mostly  of  medium  grain.  The  beds 
most  suitably  located  for  working  are  in  the  south  half  of  sec.  32,  T. 
43  N.,  R.  17  W.,  where  the  rock  outcrops  within  one-fourth  mile  of 
the  Chicago,  Rock  Island  and  Pacific  Railway. 

Nehmska.^' — ^The  most  accessible  and  prominent  exposures  of  Dakota 
sandstone  in  this  State  are  near  Ponca,  Jackson,  Homer,  Tekamah, 
Ashland  (at  mouth  of  Salt  Creek),  Lincoln,  and  Beatrice,  and  in  the 
southern  part  of  Jefferson  County.  The  sand  is  variably  indurated. 
At  places  it  contains  siliceous  cement  and  is  a  quartzite.  There  is 
much  less  calcium  carbonate  in  the  stone  than  is  usually  supposed. 
It  may  be  said  that  ferric  oxide  is  the  prevailing  matrix.  Generally 
the  sandstone  is  friable  and  easily  crushed.  It  is  thin  bedded  where 
interstratified  with  shales  or  clay  and  mostly  massive  in  the  upper 
and  lower  parts  of  the  formation.  At  some  places  massive  ledges 
grade  laterally  into  arenaceous  clays  within  a  short  distance.  The 
color  ranges  from  gray  to  the  yellows  and  browns,  varying  with  the 
amount  of  iron  stain  present.  The  iron  oxide  covers  or  coats  the 
grains,  but  rarely  occurs  as  an  impurity  in  the  quartz.  The  sands 
may  be  freed  of  iron  by  washing.  The  chemical  analysis  of  a  badly 
stained  sample  taken  at  Robbers'  Cave,  near  Lincoln  (see  p.  382), 
shows  that  th^  sand,  if  washed,  might  be  used  for  green  or  dark 
glass. 

When  sieved,  most  of  this  sand  was  caught  on  meshes  30,  40,  and 
50,  so  that  it  is  of  remarkably  even  grain.  It  is  composed  largely  of 
quartz,  except  when  clay  and  mica  are  found.  These  are  present 
where  the  sand  rock  grades  horizontally  into  clay.  In  general  the 
friable  sand  rock  is  clean,  except  for  the  iron. 

a  Communicated  by  Dr.  Geo.  E.  Condra,  Dept.  of  Geol.,  Univ.  of  Nebraska,  Lincoln,  Nebr. 
Bull.  315—07 25 
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Analyses  <^  undeveloped  glats  sand/rmn  corioiw  locaUlirt. 
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QUARTZ  AND  FELDSPAR. 


FELDSPAR  AND  QUARTZ  DEPOSITS  OF  MAINE 


By  Edson  S.  Bastin. 


INTRODUCTION. 

The  commercially  important  feldspar  and  quartz  deposits  of  Maine 
all  belong  to  a  single  type  of  rocks  known  to  the  geologist  as  pegma- 
tites. These  rocks  may  be  defined  as  coarse-grained  crystal  aggre- 
gates which  as  a  rule  have  the  composition  of  granite,  their  principal 
constituents  being  feldspar,  quartz,  and, mica,  usually  with  subordi- 
nate amounts  of  other  minerals.  The  pegmatites  of  Maine  were 
studied  by  the  writer  during  part  of  the  summer  of  1906,  the  work 
being  done  in  cooperation  between  the  State  Survey  Commission  and 
the  United  States  Geological  Survey. 

GEOGRAPHIC  DISTRIBUTION. 

These  deposits  are  confined  largely  to  Sagadahoc,  Cumberland, 
Androscoggin,  and  Oxford  counties,  in  southwestern  Maine,  though 
occurring  to  some  extent  in  association  with  all  the  large  granite 
masses  in  other  parts  of  the  State.  Excellent  exposures  occur  in 
many  open  pits,  from  which  feldspar,  quartz,  mica,  or  gem  minerals 
have  been  mined,  and  in  the  cliffs  along  the  seacoast,  especially  in  the 
Boothbay  Harbor  region. 

GEOLOGIC  OCCURRENCE. 

The  pegmatites  form  masses  that  are  plainly  intrusive  in  the  sur- 
rounding rocks.  The  latter  are  for  the  most  part  shaly  sediments, 
probably  of  early  Paleozoic  age,  which  have  been  closely  folded  and 
altered  to  slates  and  schists.  This  alteration  took  place  at  the  close 
of  Ordovician  time,  during  a  period  of  dynamic  or  regional  meta- 
morphism  which  affected  most  of  New  England.  In  many  of  the 
more  argillaceous  layers  the  regional  metamorphism  has  developed  a 
fissility  which  is  in  some  places  highly  inclined  to  the  bedding  planes 
and  in  others  nearly  parallel  to  them,  depending  on  the  character  of 
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the  folding.  In  the  more  quartzose  layers,  however,  secondary  fissility 
has  been  developed  but  weakly  if  at  all,  and  such  layers  are  in  general 
numerous  enough  to  define  the  trend  of  the  original  bedding  and  to 
render  this  the  direction  of  easiest  parting  so  far  as  the  intrusion  of 
considerable  masses  of  igneous  rock  is  concerned.  Over  large  areas 
the  rocks  have  been  thrown  into  a  series  of  closely  compressed  (iso- 
clinal) folds  standing  in  highly  inclined  positions,  and  in  such  areas 
the  secondary  fissility  is  as  a  rule  nearly  parallel  to  the  bedding  planes. 
The  form  of  the  pegmatite  bodies,  which  in  their  intrusion  followed  in 
general  the  direction  of  least  resistance,  is  therefore  dependent  largely 
on  the  position  of  the  bedding  planes  in  the  surrounding  sedimentary 
strata.  Their  form  in  regions  of  highly  inclined  strata  is  well  shown 
along  the  shore  near  Boothbay  Harbor,  where  most  of  the  pegmatite 
masses  are  highly  inclined  and  dikelike  in  form,  though  differing  from 
the  many  dikes  of  diabase  and  of  normal  granite  of  the  same  region 
in  not  showing  parallel  walls,  the  typical  form  being  a  succession  of 
lenticular  masses  produced  by  repeated  pinchings  and  swellings  of  the 
dike.  In  regions  where  the  sedimentary  strata  are  but  slightly 
inclined  the  pegmatite  masses  are  flat-lying  and  sill-like  rather  than 
dikelike  in  form,  though  showing  the  same  tendency  toward  lenticular 
form  or  toward  repeated  pinchings  and  swellings  along  the  length  of 
the  sill.  On  account  of  their  flat-lying  character  many  pegmatite 
bodies  of  the  latter  type  cover  considerable  areas  and  show  a  rather 
irregular  surface  outcrop.  Other  bodies  are  exposed  only  in  cross  sec- 
tion in  a  quarry  cut  or  along  the  side  of  a  valley.  One  of  the  best 
examples  of  the  flat-lying  pegmatite  masses  is  exposed  in  the  bed  of 
Androscoggin  River  just  above  the  road  bridge  between  Lewiston  and 
Auburn.  The  inclosing  rocks  here  are  gray  to  purplish  slates  that 
show  distinct  bedding  and  dip  to  the  northeast  at  angles  of  about  30°, 
and  several  sill-like  masses  of  pegmatite  are  intruded  parallel  to  their 
bedding  planes.  The  largest  mass  is  lens-shaped,  with  a  maximum 
thickness  of  15  feet,  and  is  exposed  laterally  for  300  feet,  though  prob- 
ably extending  much  farther.  The  position  of  the  falls  here  is  im- 
doubtedly  dependent  on  the  fact  that  this  sill  and  the  injected  sedi- 
ments adjacent  to  it  offer  more  resistance  to  erosion  than  most  of  the 
schists.  The  pegmatite  body  that  is  worked  for  its  gem  minerals  at 
Mount  Mica,  in  Paris,  Oxford  County,  is  another  example  of  the  flat- 
lying,  sill-like  type.  The  sedimentary  schists  here  dip  20°  to  30°  SW. 
and  the  pegmatite  mass,  apparently  20  feet  or  so  in  thickness,  has  a 
similar  dip.  Other  pegmatite  masses  are  unlike  either  of  the  types 
just  described,  but  seem  to  be  large,  somewhat  irregular  stocks  of  uni- 
form character  throughout.  One  of  the  best  examples  of  this  type  is 
Streaked  Mountain,  in  the  northwest  comer  of  the  town  of  Hebron, 
Oxford  County,  which  is  almost  wholly  pegmatite  and  seems  to  be  a 
great  dome  of  this  rock. 
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ORIGIN  AND  AGE. 

It  is  not  possible  here  to  enter  into  a  detailed  discussion  of  the 
origin  of  these  pegmatites.  There  can  be  no  doubt,  however,  that 
they  represent  simply  one  phase  of  the  granitic  intrusions  so  abun- 
dant in  the  southern  and  southeastern  parts  of  the  State.  The 
evidence  of  this  is  found  in  their  distribution  with  respect  to  the 
areas  of  true  granite,  in  the  presence  of  dikes  and  irregular  intrusions 
of  true  granite  in  all  the  regions  where  pegmatite  occurs,  and  in  an 
actual  gradation  from  pegmatite  into  fine-grained  granite  observed 
at  many  localities.  The  granites  of  the  eastern  part  of  Maine  are 
known  to  be  late  Silurian  or  Devonian  in  age,  and  there  is  every  reason 
to  believe  that  the  granites  of  southern  Maine,  with  their  associated 
pegmatites,  are  of  similar  age.  They  are  certainly  later  than  the 
period  of  dynamic  metamorphism  at  the  close  of  the  Ordovician. 

GENERAL    CHARACTERS. 
COMPOSITION. 

The  pegmatites  in  all  parts  of  the  State  show  great  similarity  in  the 
principal  minerals  developed,  although  they  exhibit  notable  diifer- 
ences  id  the  minor  constituents.  In  mineral  composition  they  are 
essentially  coarse  granites,  the  principal  light-colored  constituents 
being  potash  feldspar,  quartz,  and  muscovite,  and  the  principal 
dark-colored  constituents  black  mica  (biotite)  and  black  tourmaline. 
In  pegmatites  where  black  mica  is  abundant,  black  tourmaline  is,  as  a 
rule,  rare  or  absent,  and  vice  versa.  Accessory  constituents  that  are 
'almost  invariably  present  are  garnet,  magnetite,  and  opaque  green 
beryl.  Accessory  minerals  that  are  present  only  in  certain  pegma- 
tites number  over  50  species;  but  perhaps  the  most  important  are 
lepidolite  or  lithium  mica;  blue,  green,  and  pink  tourmaline;  trans- 
parent green  or  golden  beryl,  topaz,  and  amethystine  quartz.  In 
some  places,  as  at  Mount  Mica,  in  Paris,  Oxford  County,  certain  of  the 
gem  minerals  are  present  in  considerable  quantity  and  are  of  the 
finest  quality,  so  that  the  pegmatite  can  be  profitably  exploited  as  a 
gem  deposit. 

COARSENESS    AND   TEXTURE.  • 

The  pegmatites  show  remarkable  variation  in  coarseness,  some, 
especially  the  narrower  dikes  and  sills,  being  little  coarser  than 
coarse-grained  granites,  though  differing  from  the  latter  in  texture. 
In  others  single  crystals  of  nearly  pure  feldspar  may  be  20  feet  across, 
and  single  beryl  crystals  may  reach  the  diameter  of  a  hogshead.  The 
major  part  of  the  pegmatites  are  nearer  the  lower  limit  of  coarseness 
than  the  higher.  Only  the  coarser  bodies  are  commercially  valuable 
for  their  feldspar,  quartz,  mica,  or  gem  minerals,  and  these  constitute 
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a  relatively  small  percentage  of  the  total  mass  of  pegmatite  material. 
In  most  of  the  pegmatites  worked  commercially  the  feldspar  and 
quartz  crystals  do  not  average  more  than  4  or  5  feet  in  diameter. 

The  most  striking  characteristic  of  the  texture  of  the  pegmatites  is 
its  extreme  irregularity.  In  a  mass  of  typical  granite  there  is  con- 
siderable uniformity  in  size  among  grains  of  the  same  mineral  species, 
but  in  the  pegmatites  there  is  no  such  regularity.  A  feldspar  crystal, 
for  example,  is  as  likely  to  be  two  or  three  or  even  ten  times  as  large 
as  an  adjacent  crystal  as  to  be  of  similar  size.  In  most  of  the  peg- 
matites there  is  also  much  graphic  granite,  consisting  of  an  intimate 
intergrowth  or  interpenetration  of  single  crystals  of  quartz  and 
feldspar,  the  quartz  forming,  on  certain  faces  of  the  feldspar  crystals, 
a  peculiar  angular  pattern  somewhat  resembling  the  cuneiform 
inscriptions  of  the  ancients.  Fine-grained  phases  pass  into  coarser 
graphic  granite  and  this  by  decrease  in  quartz  may  pass  into  masses 
of  pure  feldspar,  or  by  decrease  in  feldspar  into  masses  of  pure 
quartz.  Much  of  the  material  mined  as  ^'spar^'  is  coarse-grained 
graphic  granite  containing  from  10  to  20  per  cent  of  free  quartz. 

In  the  great  majority  of  pegmatite  bodies  there  is  no  regularity 
whatsoever  in  the  distribution  of  the  diflFerent  minerals.  The  mica 
plates  show,  in  many  places,  a  tendency  to  group  themselves  along 
certain  planes,  but  these  seem  to  have  no  definite  orientation  with 
respect  to  the  general  outline  of  the  mass,  and  this  arrangement  is  by 
no  means  universal.  A  pegmatite  which  is  of  excellent  commercial 
quality  as  regards  its  feldspar  content  may  grade  within  a  short 
distance  and  in  a  wholly  irregular  manner  into  rock  which  is  worthless 
because  of  its  large  percentage  of  quartz  or  the  abundance  of  biotite, 
black  tourmaline,  or  garnet. 

USES. 
FELDSPAR. 

Practically  all  of  the  feldspar  mined  in  Maine  is  used  in  pottery 
manufacture,  its  main  application  being  as  a  constituent  of  both 
body  and  glaze  in  true  porcelain,  white  ware,  and  vitrified  sanitary 
ware  and  of  the  '^slip'^  (underglaze)  and  glaze  in  so-called  ** porce- 
lain''  sanitary  ware  and  enameled  brick.  The  amount  of  feldspar 
in  the  body  of  these  wares  generally  falls  between  15  and  35  per  cent, 
though  in  some  it  is  less  and  in  some  more.  In  glazes  the  percent- 
age of  feldspar  is  as  a  rule  between  30  and  50.  Small  amounts  of 
very  pure  spar,  carefully  hand  picked,  are  occasionally  shipped  for 
use  in  the  manufacture  of  artificial  teeth.  FeldsppiE  mined  in  other 
Eastern  States  is  also  used  principally  for  pottery  purposes,  though 
finding  some  application  in  glass  making,  in  dentistry,  and  in  the 
manufacture  of  certain  polishes  and  scouring  soaps  that  are  less 
abrasive  than  those  in  which  ground  quartz  is  used.     Much  interest 
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has  recently  been  aroused  in  the  use  of  potash  feldspar  for  fertilizing 
purposes.  Potash  is  an  important  plant  food  which  in  fertilizers 
has  usually  been  applied  in  the  form  of  easily  soluble  potash  salts 
imported  from  Germany.  Recent  experiments  conducted  by  the 
Department  of  Agriculture  have  shown  that  certain  plants  are  capa- 
ble of  readily  decomposing  feldspar  that  has  been  ground  to  the  fine- 
ness usually  demanded  in  the  pottery  industry  (200  mesh  and  finer). 
The  Department  of  Agriculture  is  now  carrying  on  an  exhaustive 
series  of  experiments  to  determine  what  plants  are  benefited  by  the 
use  of  feldspar  and  the  exact  character  of  the  materials  needed,  and 
to  avoid  failures  due  to  the  misuse  of  these  materials  it  is  safer  for 
fertilizer  manufacturers  and  others  to  await  the  published  report  on 
these  tests. 

QUARTZ. 

At  present  (1906)  there  is  no  market  for  the  quartz  mined  in  Maine, 
even  when  produced  as  an  accessory  in  feldspar  mining.  At  some 
of  the  mines  it  is  thrown  on  the  waste  heaps;  at  others  it  is  collected 
in  piles  in  the  hope  of  a  future  market.  It  formerly  found  a  some- 
what unsteady  market  for  pottery  and  sandpaper  purposes.  The 
low  value  of  the  crude  material,  about  $2  per  ton  at  the  mines,  makes 
it  impossible  for  Maine  quartz  to  compete  with  quartz  from  Connecti- 
cut, New  York,  Pennsylvania,  and  Maryland  quarries,  which  are 
nearer  to  the  markets. 

METHODS  OF  MANUFACTURE. 

Feldspar  is  ground  at  two  mills  in  Maine — one  at  Cathance  station, 
near  Brunswick,  operated  by  the  Trenton  Flint  and  Spar  Company, 
of  Trenton,  N.  J. ;  the  other  at  Littlefield  station,  near  Auburn,  oper- 
ated by  the  Maine  Feldspar  Company.  The  method  of  grinding  is 
similar  at  both  of  these  mills  and  is  the  same  as  that  generally  used 
by  feldspar  and  quartz  grinders  elsewhere  in  the  United  States.  The 
lump  material  as  it  comes  from  the  quarries  is  first  crushed  in  a 
chaser  mill,  of  which  each  factory  usually  has  several.  This  consists 
of  two  burrstone  wheels  about  3  to  5  feet  in  diameter  and  1  to  IJ 
feet  thick  attached  to  each  other  like  the  wheels  of  a  wagon  by  a 
horizontal  axle.  This  axle  is  attached  at  its  center  to  a  rotating  verti- 
cal shaft  which  causes  the  wheels  to  travel  over  a  burrstone  bed,  the 
feldspar  being  crushed  between  the  two  burrstone  surfaces.  The 
material  as  it  comes  from  this  mill  is  screened,  the  tailings  being 
returned  to  the  chaser  mills  for  recrushing  and  the  fines  going  to  ball 
mills  for  their  final  grinding.  The  ball  mills  consist  of  steel  cylin- 
ders revolving  on  a  horizontal  axis.  They  are  usually  lined  either 
with  wooden  blocks  or  blocks  made  of  highly  siliceous  brick  and 
are  charged  with  pebbles  of  Norway  or  French  flint  2  to  3  inches  in 
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diameter,  A  single  load  of  feldspar  is  usually  ground  for  four  to  six 
hours  in  these  mills  and  in  that  time  is  reduced  to  a  fineness  of  at 
least  2rK)  mesh.  The  material  is  then  ready  for  shipment  either  in 
hulk  or  in  bags. 

Quartz  used  for  pottery  purposes  is  ground  in  the  same  manner 
as  feldspar,  but  none  is  now  being  produced  in  Maine. 

COMMERCIAL  AVAILABILITY  OF  DEPOSITS. 

The  answer  to  the  question  whether  it  will  pay  to  work  a  given 
feldspar  or  quartz  deposit  is  dependent  on  a  number  of  different  fac- 
tors. Considered  as  a  whole,  the  Maine  deposits  have  the  disadvan- 
tage, as  compared  with  those  of  Connecticut,  New  York,  Pennsylvania, 
and  Maryland,  of  being  far  from  the  markets,  a  feature  which  renders 
the  mining  of  quartz  wholly  unprofitable.  The  bulk  of  the  material 
mined  in  Maine  under  the  commercial  name  of  *'spar  "  is  not  pure  feld- 
spar, but  an  association  of  feldspar  and  free  quartz,  usually  intergrown 
in  the  form  of  a  coarse  graphic  granite.  In  the  past  a  number  of  the 
cjuarries  have  produced  much  larger  amounts  of  feldspar  free  from 
(juartz  than  can  now  be  mined.  The  requirements  of  the  potter's 
trade  demand  that  in  general  the  percentage  of  free  quartz  associated 
with  the  feldspar  in  the  ground  product  shall  not  exceed  15  or  20  per 
cent,  and  certain  potters  demand  a  spar  which  is  nearly  pure,  con- 
taining probably  less  than  5  per  cent  of  free  quartz.  In  order  to  be 
profitably  worked,  in  most  feldspar  mines  in  Maine,  between  one-fourth 
and  one-half  of  the  total  material  quarried  must  carry  under  15  to  20 
per  cent  of  free  quartz. 

A  factor  of  the  utmost  importance  is  the  amount  and  distribution 
of  the  iron-bearing  minerals — black  mica,  garnet,  and  black  tourma- 
line. F'or  pottery  manufacture  the  spar  must  be  practically  free  from 
these  minerals,  whieh  if  present  in  the  ground  spar  produce  brown 
(liscolorations  in  white  ware  on  burning.  To  be  workable  commerci- 
ally, those  minerals  must  be  so  rare  or  so  segregated  in  certain  portions 
of  the  deposit  that  they  can  be  separated  from  the  feldspar  without 
nuich  more  hand  sorting  and  cobbling  than  is  necessary  anyway  in  the 
separation  of  the  highly  feldspathic  material  from  that  which  is  highly 
(juartzoso.  A  number  of  coarse-grained  masses  of  pegmatite  with 
feldspar  of  excellent  quality  are  rendered  worthless  for  pottery  uses 
by  the  abundance  of  one  or  more  of  these  iron-bearing  minerals.  The 
presence  here  and  there  of  minute  flakes  of  white  mica  (muscovite) 
can  hardly  be  avoided  even  in  the  highest  grades  of  commercial  feld- 
spar, and  chemically  this  mineral  is  not  injurious.  It  is,  however, 
exceedingly  difficult  to  pulverize  the  flakelike  flexible  plates  of  mica 
to  a  fineness  ec^ual  to  that  attained  by  the  feldspar,  and  it  is  therefore 
necessarj'  in  mining  to  separate  the  muscovite  carefully  from  the  spar. 
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Under  present  conditions  in  Maine  it  is  usually  essential  to  com- 
mercial success  that  the  feldspar  deposits  be  located  not  farther  than 
2  or  at  most  3  miles  from  the  railroad,  so  that  the  cost  of  haulage  from 
the  mines  to  the  cars  will  not  exceed  75  cents  or  $1  per  ton,  the  average 
price  for  most  of  the  crude  spar  in  Maine  being  about  $3  f.  o.  b.  at 
the  mines.  The  feldspar  mills  are  situated  on  the  railroads  as  close 
as  possible  to  the  mines.  Nearly  all  the  ground  and  crude  spar  is 
shipped  to  Trenton,  N.  J.,  and  East  Liverpool,  Ohio,  where  many  of 
the  lai^est  potteries  of  the  country  are  located.  The  average  price 
of  the  ground  spar  f.  o.  b.  mills  is  about  $9  per  short  ton. 

METHODS  OF  MINING. 

The  feldspar  and  quartz  of  Maine  are  all  mined  from  open  pits. 
Unlike  the  deposits  of  Maryland  and  southern  Pennsylvania,  there  is 
little  or  no  associated  kaolin  formed  by  the  decomposition  of  the  feld- 
spar. This  is  due  to  the  fact  that  the  Pennsylvania-Maryland  region 
is  unglaciated,  whereas  in  Maine  the  ice  planed  oif  nearly  all  the 
products  of  rock  decay.  It  is  necessary,  therefore,  to  sink  drill  holes 
and  blast  out  most  of  the  material  with  powder  or  dynamite.  It  is 
then  broken  up  with  sledges  to  lumps  under  6  or  8  inches  in  size,  and 
at  the  same  time  the  quartzose  and  iron-bearing  portions  are  sorted 
from  the  feldspar.     The  rock  is  hauled  by  teams  to  the  mills. 

DESCRIPTION  OF  PRINCIPAL  LOCALITIES. 
GEORGETOWN,  SAGADAHOC   COUNTY. 

The  Georgetown  quarry  is  about  IJ  miles  northeast  of  Bay  Point 
Landing,  near  the  mouth  of  Kennebec  River,  and  is  readily  reached  by 
team  from  Five  Islands,  4  J  miles  to  the  northeast,  on  Penobscot  River. 
It  is  operated  by  the  Golding  Sons'  Company,  of  Trenton,  N.  J.  The 
spar  is  hauled  about  one-fourth  of  a  mile  by  teams,  then  loaded  onto 
scows  and  carried  up  Kennebec  River  10  miles  to  Bath,  where  it  is 
loaded  onto  cars  for  shipment  to  Trenton,  N.  J.,  and  East  Liverpool, 
Ohio.  In  the  past  some  shipments  have  been  made  by  sea.  The 
quarry  covers  an  area  of  about  3  acres  and  at  its  south  end  has  a  maxi- 
mum depth  of  approximately  50  feet,  though  most  of  the  quarry  is 
much  shallower.  The  pegmatite  is  inclosed  by  metamorphic  sedi- 
mentary schists  trending  somewhat  east  of  north.  These  are  highly 
inclined  and  are  somewhat  injected  by  granitic  materials,  so  that 
locally  they  become  gneisses.  The  pegmatite  mass  is  plainly  intrusive 
in  these  shists,  and  its  greatest  length  is  parallel  to  their  trend;  it 
thus  forms  in  reality  a  short  dike.  The  present  quarry  openings  cover 
almost  the  whole  area  of  outcrop  of  this  mass,  and  future  work  must 
consist  largely  in  deepening  the  present  pit.  There  seems  every  rea- 
son to  expect  that  the  rock  will  continue  of  good  quality  and  of  about 
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the  same  dimensions  to  a  considerable  depth.  A  number  of  other 
dikes  of  pegmatite  of  similar  size  and  shape  occur  in  this  vicinity  and 
some  of  them  have  been  worked  to  a  slight  extent.  None  of  these,  so 
far  as  seen,  showed  any  large  amount  of  feldspar  of  the  grade  required 
for  pottery  purposes. 

The  rock  now  quarried  is  mainly  a  coarse  graphic  intergrowth  of 
feldspar  and  quartz,  and  it  is  estimated  that  about  50  per  cent  of  the 
total  material  excavated  is  of  commercial  grade.  The  quarry  has 
been  worked  intermittently  for  over  thirty  years,  and  in  the  past  has 
produced  larger  amounts  of  perfectly  pure  spar  than  at  present.  It 
is  said  that  a  single  blast  would  sometimes  loosen  100  tons  of  almoi^t 
pure  feldspar.  Black  mica  is  almost  wholly  absent.  Black  tourma- 
line is  somewhat  abundant,  but  is  so  aggregated  in  certain  parts  of 
the  deposit  that  it  can  be  easily  separated  in  mining.  Some  deep 
flesh-colored  garnet  is  also  present.  Muscovite  (white  mica)  is  only 
locally  abundant.  The  feldspar  is  cream  colored  and  is  largely  of 
the  potash  variety,  as  shown  by  the  following  analysis  made  by  the 
Pittsburg  testing  laboratory: 

Analysis  of  feldspar  from  Georgetown^  Me. 

SiOa 65.23 

AI2O3 20. 09 

FeaOg 71 

K2O 11.60 

NagO : - 2 .  00 

Loss  on  ignition 36 

99. 99 
TOPSHAM,  SAGADAHOC  COUNTY. 

Two  quarries  in  Topsham  are  operated  by  the  Trenton  Flint  and 
Spar  Company,  of  Trenton,  N.  J.  The  larger  quarry  is  about  1} 
miles  northwest  of  Cathance  station  and  the  smaller  about  half  a 
mile  southwest  of  the  larger.  The  spar  is  hauled  by  teams  from  these 
mines  to  the  mill,  which  is  located  on  Cathance  River  near  Cathance 
station.  During  wet  seasons  the  water  power  of  the  river  is  utilized, 
but  the  mill  is  also  equipped  with  steam.  The  grinding  machinery 
consists  of  three  chasers  and  four  ball  mills,  each  capable  of  grinding 
a  ton  of  spar  in  four  to  five  hours.  The  capacity  of  the  mill  is  about 
16  tons  a  day.  The  quarry,  which  is  the  largest  one  in  Maine,  covers 
an  area  of  several,  acres  and  is  about  50  feet  in  maximum  depth.  In 
its  southern  portion  the  rock  is  very  similar  to  that  at  the  George- 
town quarry,  being  largely  a  graphic  intergrowth  of  feldspar  and 
quartz  in  greatly  varying  proportions.  At  the  north  end  of  the 
quarry  the  pegmatite  is  much  coarser  and  graphic  texture  is  prac- 
tically absent.  At  one  place  a  continuous  bed  of  white  quartz  10 
feet  high  and  50  feet  long  is  exposed,  and  adjacent  to  it  is  .a  mass  of 
pure  feldspar  15  feet  across.     The  principal  iron-bearing  mineral  at 
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this  quarry  is  black  mica  (biotite)  in  lath-shaped  crystals  up  to  3  or  4 
feet  in  length.  Most  of  it  can  be  separated  readily  from  the  feldspar. 
Gamete  are  not  abundant.  Muscovite  or  white  mica  is  uniformly 
of  the  A  variety  and  nowhere  of  commercial  grade.  It  is  concen- 
trated principally  along  certain  planes  and  is  not  difficult  to  separate 
from  the  highly  feldspathic  rock.  The  surrounding  rocks  at  this 
quariy  are  metamorphic  schiste,  probably  of  sedimentary  origin, 
which  dip  at  steep  angles  and  strike  slightly  east  of  north.  Next  to 
the  pegmatite  mass  they  have  been  much  injected  and  also  show 
signs  of  softening.  The  form'^nd  extent  of  the  pegmatite  body  can 
not  be  accurately  determined  because  of  a  scarcity  of  outcrops. 

The  smaller  quarry  one-half  mile  southwest  of  the  large  one  was 
opened  in  1906  and  covers  only  about  an  acre,  with  an  average  depth 
of  about  10  feet.  In  general  the  materials  are  similar  to  those  of  the 
large  quarry.  Some  masses  of  pure  feldspar  are  10  feet  across. 
Outcrops  are  very  few  in  the  immediate  vicinity  of  this  quarry  and 
the  form  of  the  pegmatite  body  can  not  be  determined.  In  both  of 
these  quarries  the  feldspar  is  mainly  cream  colored  and  of  the  potash 
varieties  microcline  and  orthoclase.  Crystals  of  white  feldspar  show- 
ing twinning  striations  on  certain  of  their  faces  are  albite,  a  soda 
feldspar,  but  they  are  not  abundant. 

Another  quarry  within  a  few  rods  of  the  small  quarry  just  described 
is  worked  by  the  Maine  Feldspar  Company,  of  Auburn,  Me.  The 
output  is  very  small  and  the  character  of  the  rock  is  entirely  similar 
to  that  at  the  adjacent  quarries.  Feldspar  has  been  quarried  in  the 
past  at  several  other  points  in  this  vicinity,  notably  at  Moimt  Ararat, 
near  Topsham  village. 

AUBURN  AND  POLAND,  ANDROSCOGGIN  COUNTY. 

The  third  important  feldspar  locality  is  Mount  Apatite,  in  the  town 
of  Auburn,  about  6  miles  west  of  the  city  of  Auburn.  The  quarry 
here  is  worked  by  the  Maine  Feldspar  Company,  the  crude  spar  being 
hauled  by  team  about  2  miles  to  the  mill  at  Littlefield  station,  on  the 
Grand  Trunk  Railway.  This  mill  is  equipped  with  one  chaser  larger 
than  that  used  in  most  spar  mills,  each  burrstone  weighing  3i  tons. 
The  ball  mill  also  is  longer  than  those  commonly  used  and  grinds  3 
tons  every  four  and  one-half  hours,  the  capacity  of  the  mill  being 
about  15  tons  in  twenty-four  hours. 

The  rock  mined  at  Mount  Apatite  is  taken  from  a  number  of  pits 
75  to  150  feet  long,  about  50  feet  wide,  and  10  to  20  feet  deep.  These 
form  part  of  a  single  mass  of  pegmatite  covering  most  of  the  summit 
of  the  hill  and  intrusive  into  schists  of  probable  sedimentary  origin. 
Exposures  are  not  continuous  enough  to  trace  the  exact  outlines  of 
the  mass,  but  its  greatest  extension  seems  to  be  in  a  north-northeast 
and  south-southwest  direction,  parallel  to  the  trend  of  the  surrounding 
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schists.  As  at  the  other  feldspar  loc9,Uties  much  of  the  commercial 
material  quarried  is  a  coarse  graphic  intergrowth  of  quartz  and  feld- 
spar, though  there  are  also  very  considerable  amounts  of  pure  feld- 
spar. The  latter  is  mostly  cream  colored,  with  here  and  there  bluish- 
gray  streaks  and  blotches.  It  is  a  potash  feldspar,  though  small 
amounts  of  soda  and  lime-soda  feldspar  are  associated  with  it.  Both 
black  mica  and  black  tourmaline  are  present,  but  they  are  abundant 
only  in  places  and  are  readily  separable  from  the  commercial  spar.  A 
considerable  amount  of  quartz,  white  to  dark  gray  in  color,  occiu's 
and  is  saved,  though  at  present  finding  no  market.  At  the  time  of  the 
writer's  visit  (August,  1906)  about  300  tons  of  quartz  were  piled  up 
at  the  quarries.  There  seem  to  be  large  amounts  of  excellent  spar 
available  at  Mount  Apatite  for  some  time  to  come. 

A  smaller  quarry,  operated  by  A.  R.  Berry,  is  situated  in  the  town 
of  Poland,  about  1  mile  south  of  Mount  Apatite.  Irregular  excava- 
tions here  cover  an  area  of  about  2  acres  and  have  a  maximum  depth 
of  18  to  20  feet.  The  spar  is  all  sold  to  the  Maine  Feldspar  Company 
and  hauled  about  3  miles  to  their  mill  at  Littlefield.  The  character 
and  mode  of  occurrence  of  the  feldspar  and  quartz  are  similar  to  those 
at  Mount  Apatite.  At  both  these  localities  lithium  mica  is  occasion- 
ally found  and  tourmalines  and  beryls  of  fine  gem  quality  also  occur. 
They  are  not  abundant  enough,  however,  to  pay  for  working  these 
deposits  for  gems  alone. 

HEBRON,  OXFORD  COUNTY. 

A  small  feldspar  and  mica  mine  has  been  opened  during  the  last 
year  (1906)  about  IJ  miles  north  of  Hebron  village,  near  the  Buck- 
field  road.  This  mine  is  located  on  the  farm  of  Alton  Hibbs  and  is 
being  operated  by  J.  A.  Gerry,  of  Mechanic  Falls,  Me.  The  pegmatite 
is  exposed  for  a  distance  of  300  to  350  feet  along  the  southwest  side  of 
a  small  creek  valley,  the  average  width  of  outcrop  being  about  30  feet. 
Schists  bound  the  pegmatite  mass  on  its  southwest  side,  their  trend 
varying  from  N.  30"^  W.  to  N.  50"^  W.  and  averaging  about  N.  45°  W. 
Their  average  dip  is  45°  NE.  The  northeast  border  of  the  mass  is 
wholly  obscured  by  glacial  drift,  which  fills  the  bottom  of  the- valley. 
The  strippings  and  small  excavations  already  made  show  numerous 
bodies  of  pure  feldspar  2  to  3  feet  across  and  much  graphic  granite  con- 
taining only  a  small  percentage  of  quartz.  It  is  estimated  that  60 
per  cent  of  the  material  mined  is  of  commercial  grade.  No  predic- 
tions can  be  made  as  to  the  continuance  of  this  rock  beyond  the  lim- 
ited area  of  present  exposure  or  in  depth.  It  is  probable,  however, 
that  its  greatest  extent  is  in  a  northwest-southeast  direction,  parallel 
to  the  trend  of  the  neighboring  schists.  The  feldspar  is  of  the  potash 
variety  and  is  cream-gray  to  blue-gray  in  color.     Black  mica  is  scanty 
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in  amount;  but  black  tourmaline  is  moderately  abundant.  Its  sep- 
aration, however,  does  not  entail  great  labor.  Muscovite  (white 
mica)  is  very  abundant  and  of  commercial  quality  in  a  zone  about 
4  feet  wide  next  to  the  southwest  wall  of  the  pegmatite  mass,  but  in 
the  remainder  of  the  rock  it  occurs  only  in  scattered  plates,  mostly 
not  more  than  2  to  3  inches  across.  At  the  time  of  the  writer's  visit 
(September,  1906)  no  spar  had  been  marketed.  The  material  must 
be  hauled  about  3  miles  to  Hebron  station,  on  the  Portland  and  Rum- 
ford  Falls  Raibvay. 

OTHER   QUARRIES. 

Numerous  other  (juarries  in  Maine  which  have  in  the  past  produced 
feldspar  and  quartz  were  visited  by  the  writer  and  will  be  described  in 
the  final  report. 

PRODUCTION. 

The  total  production  of  crude  feldspar  in  Maine  for  1905  was  2,312 
long  tons,  valued  at  $6,405.  The  production  of  ground  spar  was  9,317 
short  tons,  valued  at  $83,850. 


FELDSPAR  AND  QUARTZ  DEPOSITS  OF  SOUTH- 
EASTERN NEW  YORK 


By  Edson  S.  Bastin. 


INTRODUCTION. 

The  feldspar  and  quartz  deposits  near  Bedford  village,  in  West- 
chester County,  N.  Y.,  were  visited  by  the  writer  in  January,  1907. 
These  deposits  have  been  described  briefly  in  the  reports  of  the  New 
York  State  Museum"  and  from  that  description  a  part  of  the  material 
for  this  report  has  been  obtained. 

The  quarries  here  described  are  located  near  Bedford  village  and  2 
miles  to  the  south  in  the  town  of  North  Castle.  They  can  be  reached 
by  a  6  to  8  mile  drive  from  Mount  Easco,  a  station  on  the  Harlem 
division  of  the  New  York  Central  Railroad,  38  miles  north  of  New 
York  City. 

GEOLOGIC    RELATIONS. 

The  feldspar  and  quartz  of  these  quarries  occur  as  constituents  of  a 
class  of  rocks  known  to  the  geologist  as  pegmatites.  In  their  mineral 
composition  these  rocks  are  closely  allied  to  granites,  the  principal 
constituents  in  both  being  feldspar,  quartz,  and  mica.  The  grain  of 
the  pegmatites,  however,  is  as  a  rule  exceedingly  coarse  and-the  tex- 
ture very  irregular,  as  brought  out  in  another  part  of  this  bulletin 
(pp.  385-386)  in  the  description  of  the  pegmatites  of  Maine. 

The  rocks  of  the  region  are  a  mica  schist  (the  Hudson  schist)  and 
scattered  masses  of  crystalline  limestone  (the  Stockbridge  dolomite). 
Both  of  these  rocks  have  been  shown  to  be  of  sedimentary  origin, 
though  extensively  altered  by  metamorphic  action.  They  now  lie  in 
a  series  of  closely  compressed  folds,  whose  general  trend  in  the  region 
here  described  is  northeast  and  southwest.  The  Hudson  schist  has 
been  shown  to  be  of  Ordo vician  age ;  the  Stockbridge  dolomite  is  in 
part  Ordovician  and  in  part  Cambrian. 

In  the  vicinity  of  the  feldspar  and  quartz  quarries  and  along  much 
of  the  road  between  Bedford  village  and  Mount  Kisco  the  Hudson 

a  Bull.  N.  Y.  Stat»  Museum  No.  102, 1905,  p.  69. 
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schist  has  been  injected  by  granite,  pegmatite,  and  basic  igneous  rocks, 
SO  as  to  show  locally  a  gneissic  texture.  Here  and  there,  as  along  the 
road  from  Bedford  village  to  the  Hobby  quarry,  in  North  Castle,  small 
masses  of  normal  granite  occur.  There  can  be  little  doubt  that  the 
pegmatites,  which  are  of  commercial  importance  in  this  region,  are 
simply  one  phase  of  the  granitic  intrusion  and  injection  of  the  Hudson 
schist,  and  that,  like  the  granites,  they  are  Silurian  or  later  in  age. 

KINKLE    QUARRY. 

This  quarry  is  situated  on  the  east  and  northeast  slopes  of  a  small 
hill  about  three-fourths  of  a  mile  southeast  of  Bedford  village.  The 
excavations  consist  of  four  open  pits,  three  closely  adjacent  ones  on 
the  upper  part  of  the  hill  slope  and  one  at  a  lower  level.  All  the  pits 
are  elongate  in  a  northeast-southwest  direction,  which  probably  rep- 
resents the  trend  of  the  pegmatite  dikes.  The  lower  pit  exposes  the 
downward  and  northeastward  continuation  of  the  same  pegmatite 
mass  that  is  revealed  in  the  southernmost  of  the  upper-level  pits. 

The  northernmost  of  the  upper-levej  pits  is  about  50  feet  wide,  100 
feet  long,  and  35  feet  in  maximum  depth.  The  two  southern  pits  on 
this  level  are  larger,  being  100  to  150  feet  wide,  about  300  feet  long, 
and  about  50  feet  in  maximum  depth.  Most  of  the  rock  exposed  in 
the  central  pit  of  the  upper  group  is  quartz,  which  is  mainly  white  but 
here  and  there  assumes  a  very  beautiful  rose  tint.  Some  black  tour- 
maline occurs  in  single  crystals  or  radiating  crystal  aggregates  in  the 
quartz,  and  there  has  been  some  coating  of  fracture  planes  in  the  quartz 
with  thin  layers  of  black  tourmaline.  These  thin  coatings,  in  few 
places  over  one  thirty-second  of  an  inch  in  thickness,  have  plainly 
developed  subsequent  to  the  solidification  and  fracturing  of  the  quartz 
and  may  be  explained  either  as  secondary  depositions  by  surface 
waters  percolating  along  the  fractures  or  as  a  deposition  by  hot 
aqueous  or  gaseous  solutions  penetrating  along  the  cracks  in  the  peg- 
matite mass  in  the  very  latest  stages  of  its  solidification.  Quartz 
with  this  black-tourmaline  coating  is  unfit  for  commercial  use  and  is 
discarded.  The  quartz  seems  to  be  associated  with  the  feldspar  in  a 
wholly  irregular  manner.  It  forms  most  of  the  northwestern  and 
southwestern  walls  of  this  quarry  but  in  the  southeastern  wall  is 
abundant  only  at  the  base,  the  upper  parts  of  the  wall  being  feld- 
spathic.  The  feldspathic  constituents  of  the  pegmatite  are  best 
exposed  in  the  other  three  pits,  where  they  constitute  a  large  propor- 
tion of  the  whole  rock.  The  feldspar  is  of  two  principal  varieties,  one 
pink  or  flesh-colored  and  the  other  white.  When  examined  under  the 
microscope,  the  pink  variety  shows  the  optical  properties  of  the  feld- 
spar microcline.  The  analyses  of  the  pink  spar  (see  Nos.  1  and  2  of  the 
following  table)  show  small  amounts  of  soda  and  lime,  but  no  soda  or 
lime-soda  feldspars  were  observed  associated  with  the  microcline  in 
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the  specimens  examined.  It  is  probable  that  part  of  the  soda  is  chem- 
ically united  with  the  potash  in  the  microcline  and  that  the  feldspar 
is  in  reality  a  soda  microcline.  Analysis  4  of  the  table  represents  a 
pink  microcline  from  the  feldspar  quarries  at  Bedford,  Ontario,  and  is 
inserted  for  purposes  of  comparison. 

Analyses  of  microcline  feldspars. 


Silica  (SiOi) 65.95 

Alumina  ( AhOa) '  18. 00 

Iron  oxide  (FejOa) I  .12 

Lime  (CaO) 1. 05 

Magnesia  (MgO) Trace. 

Potash  (KsO) I  12. 13 


Soda  (NaiO) 
Loss  on  ignition. 


2.11 


99.36 


65.85 

19.32 

.24 

.56 

.08 

14.10 


100.15 


{ 


65.33 

20.96 

.71 

None. 

None. 

10.65 

1.37 


99.02 


65.40 

18.80 

Trace. 

None. 

None. 

13.90 

1.95 

.60 


100.65 


1.  Pink  microcline  feldspar  from  quarry  of  Kinkle's   Sons,  Bedford,  N.  Y.    Analysis  by  John  C. 
Wiarda  &  Co. 

2.  Pink  microcline  feldspar  from  quarry  of  Kinkle's  Sons,  Bedford,  N.  Y.     Bull.  New  York  State 
Museum  No.  93,  1905,  p.  926. 

3.  Buff-colored  microcline  feldspar  from  quarry  of  Albert  Hobby,  North  Castle,  N.  Y. 

4.  Pink  microcline  feldspar  from  quarry  of  Richardson  &  Sons,  Bedford,  Ontario.    Analysis  by 
Heinrich  Ries,  Cornell  University. 

The  pink  feldspar  is  in  part  pure  and  in  part  intergrown  with 
quartz.  This  intergrowth  consists  of  single  crystals  of  quartz  and 
feldspar  penetrating  each  other  in  such  a.  manner  that  on  certain 
cleavage  faces  of  the  feldspar  the  quartz  forms  a  peculiar  pattern 
somewhat  resembling  the  cuneiform  inscriptions  of  the  ancients. 
From  this  fancied  resemblance  to  ancient  writings  the  rock  has-been 
called  graphic  granite.  There  is  every  gradation  from  pure  feldspar 
through  coarse-grained  graphic  granite  into  fine  graphic  granite. 
The  pink  feldspar,  pure  or  in  intergrowth  with  quartz,  generally 
occurs  in  somewhat  irregular  but  sharply  bounded  areas  within  the 
general  pegmatite  mass.  In  the  southernmost  of  the  upper  quarries 
these  constitute  about  one-half  of  the  whole  pegmatite  mass.  A  few 
of  the  smaller  pink  feldspar  areas  have  perfectly  straight  boundaries 
which  parallel  the  cleavage  directions  within  the  crystal.  One 
sharply-outlined  mass  of  pink  feldspar  3  feet  long  by  IJ  feet  wide 
was  bordered  on  all  sides  by  white  quartz.  The  larger  masses  are  as 
a  rule  inclosed  partly  by  pure  quartz  and  partly  by  irregularly  asso- 
ciated white  quartz  and  white  feldspar,  in  varying  proportions,  with 
a  little  pink  feldspar,  biotite,  black  tourmaline,  beryl,  etc.  The  white 
feldspar  is  shown  by  microscopic  examination  to  be  largely  albite  and 
constitutes  the  second  important  feldspar  variety  characteristic  of 
this  quarry.  The  parts  of  the  pegmatite  characterized  by  its  pres- 
ence are  in  a  few  places  graphic  granite,  but  for  the  most  part  show  a 
very  irregular  texture  and  varying  proportions  of  feldspar  and  quartz 
from  point  to  point. 

The  mica  of  these  quarries  is  mainly  muscovite,  which  is  commonly 
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associated  not  with  the  quartz  but  with  the  feldspathic  portions  of 
the  deposit  or  may  he  between  feldspathic  areas  and  areas  of  pure 
quartz.  In  places  the  mica  *' books*'  lie  with  their  sides  parallel  to 
the  quartz-feldspar  contacts,  but  more  generally  they  stand  at  right 
angles  to  these  contacts.  Few  of  them  exceed  4  to  5  inches  in  diame- 
ter and  almost  all  show  the  A  structure  and  much  ^^ ruling/'  No 
plate  mica  was  seen  and  the  total  amount  of  muscovite  is.  hardly 
sufficient  to  make  it  worth  while  to  save  it  for  scrap  mica.  Being 
mainly  confined  to  rather  definite  bands  in  the  pegmatite,  most  of  it 
can  be  readily  separated  from  the  highly  feldspathic  portions.  It 
is  not  injurious  chemically  either  in  pottery  or  glass  manufacture,  but 
the  thin  elastic  plates  are  difficult  to  grind  to  the  requisite  fineness. 

Biotite  (black  mica)  occurs  in  long,  thin,  lath-shaped  crystals  some 
of  which  reach  a  length  of  several  feet  though  most  are  much  smaller. 
Black  tourmaline  is  associated  mainly  with  the  quartz,  but  is  here  and 
there  present  in  the  feldspathic  parts  of  the  pegmatite.  Magnetite 
and  garnet  are  present  in  few  places,  but  no  gem  varieties  of  tourma- 
line or  of  beryl  have  been  found.  Columbite  is  present  here  and  there 
in  small  crystals,  as  are  some  other  rare  minerals. 

Three  grades  of  feldspathic  material  are  obtained  from  these 
quarries.  ^'No.  1"  is  selected  from  the  purer  portions  of  the  pink- 
feldspar  masses  and  will  probably  run  considerably  less  than  5  per 
cent  in  free  quartz.  Nos.  1  and  2  of  the  table  are  said  to^be  analyses 
of  the  nearly  pure  pink  spar  and  maybe  assumed  to  represent  rather 
closely  the  composition  of  the  '^No.  1"  spar,  which  is  placed  on  the 
market.  All  of  this  grade  is  shipped  in  bulk.  The  ^^No.  2''  feldspar 
produced  at  this  quarry  includes  the  coarser  graphic  intergrowths  of 
pink  feldspar  (microcline)  and  quartz  and  also  includes  pegmatitic 
material  rich  in  the  white  soda  feldspar,  albite.  This  grade  is  there- 
fore higher  in  free  quartz  and  in  soda  than  the  '^No.  1.''  Both  the 
''No.  1"  and  ''No.  2''  grades  are  used  in  the  manufacture  of  pottery 
and  must  be  entirely  free  from  black  mica,  black  tourmaline,  garnet, 
and  other  iron-bearing  minerals.  The  "No.  2 ''  spar  is  not  shipped  in 
the  crude  state,  but  is  ground  at  the  quarries.  A  "No.  3''  grade, 
made  up  mainly  of  the  albite-quartz  mixture  with  some  of  the  finer 
grained  pink  graphic  granite,  is  also  ground  at  Bedford  for  use  in  glass 
manufacture.  It  is  somewhat  higher  in  quartz  and  soda  than  the 
"No.  2,''  and  muscovite,  biotite,  and  black  tourmaline  are  not  so 
carefully  eliminated  as  in  the  "No.  1 ''  and  "No.  2''  grades,  these  con- 
stituents not  being  so  injurious  in  glass  as  in  pottery  manufacture. 
Microscopic  examination  of  the  "No.  3''  spar  shows  the  presence  of 
free  quartz,  microcline  (potash  feldspar),  and  albite  (soda  feldspar). 

The  quartz  from  this  quarry  is  all  shipped  in  the  crude  state  to  the 
Bridgeport  Wood  Finishing  Company  at  New  Milford,  Conn.,  where 
it  is  ground  and  used  in  the  manufacture  of  a  wood  filler. 

Bull.  315—07 26 
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The  grinding  mill  of  Kinkle's  Sons  is  located  at  the  quarries  and  is 
similar  in  equipment  to  most  feldspar  mills  elsewhere,**  except  that 
the  spar  as  it  comes  from  the  chasers  goes  to  a  vibration  separator, 
only  the  tailings  being  sent  to  the  ball  miUs.  For  pottery  spar  this 
separator  is  provided  with  a  140-mesh  screen,  but  in  the  preparation 
of  spar  for  glass  manufacture  only  a  60-mesh  screen  is  required. 

In  one  sample  of  the  ^'Xo.  3"  spar  measured  imder  the  microscope 
no  particles  over  0.01  inch  (0.25  mm.)  in  diameter  were  seen.  Most 
of  the  material  was  under  0.002  inch  in  diameter  and  the  finest  par- 
ticles were  under  0.0001  inch. 

The  ground  spar  is  usually  shipped  in  bags.  All  of  the  material 
from  this  quarry  and  mill  is  hauled  by  team  5  miles  to  Bedford  sta- 
tion, on  the  New  York  Central  Railroad.  The  average  price  for  the 
crude  ^'No.  1''  spar  is  about  $5,  for  the  groimd  ^'No.  3''  spar 
about  $6.50,  and  for  crude  quartz  about  $3  per  ton,  f.  o.  b.  cars 
at  Bedford  station.  The  '^No.  1''  and  ''No.  2^'  grades  for  pottery 
use  are  shipped  mainly  to  Trenton,  N.  J.,  and  East  Liverpool,  Ohio, 
though  small  amounts  have  been  shipped  as  far  as  Portland,  Oreg. 

HOBBY  QUARRIES. 

A  small  quarry  owned  by  Albert  Hobby,  of  Bedford,  N.  Y.,  and 
operated  by  Max  Biiresch,  has  recently  been  opened  in  the  town  of 
North  Castle,  near  the  west  sid^  of  Mianus  River,  about  1 J  miles 
southeast  of  the  Eankle  quarry.  The  quarry  is  situated  on  a  steep 
eastern  hill  slope  and  is  about  100  feet  wide,  150  feet  long,  and  40  feet 
in  maximum  depth.  No  exposures  of  the  surrounding  rocks  were 
observed  near  the  quarry.  The  pegmatite  shows  masses  of  pure 
feldspar  8  to  10  feet  across  associated  with  masses  of  pure  quartz, 
some  of  which  are  15  feet  across.  The  quartz  is  in  part  white  and  in 
part  a  beautiful  rose  tint.  There  is  almost  no  intergrowth  of  quartz 
and  feldspar.  The  feldspar  is  buff  colored  and  is  shown  by  micro- 
scopic examination  to  be  microcline  (potash  feldspar,  probably  contain- 
ing a  little  soda).  Its  analysis  is  No.  3  of  the  table.  Small  and  very 
thin  plates  of  muscovite  occur  along  some  of  the  cleavage  planes  in 
the  feldspar,  but  they  are  not  abundant  enough  to  affect  the  quality 
of  the  spar  materially.  Muscovite  in  larger  plates  is  mainly  segre- 
gated in  somewhat  irregular  bands  in  association  with  black  tour- 
maline in  prismatic  crystals  that  reach  1^  inches  in  diameter. 

This  quarry  differs  from  the  Eankle  quarry  in  the  fact  that  the 
feldspar  is  practically  all  buff-colored  microcline,  and  in  the  more 
complete  separation  of  quartz  and  feldspar,  graphic  granite  being 
apparently  wholly  absent.  The  present  exposures  cover  only  a 
small  area,  and  it  is  impossible  to  predict  the  extent  or  uniformity  of 

o  For  description  of  grinding  process  see  p.  387  of  this  bulletin. 
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the  deposit.  Mianus  River  is  capable  of  furnishing  ample  water 
power  for  operating  a  grinding  mill,  and  the  materials  could  be  car- 
ried by  gravity  down  the  hill  slope  to  the  mill.  The  material  is 
hauled  by  teams  8  miles  to  Bedford  station.  Little  material  has  as 
yet  been  marketed.  It  is  unfortunate  that  this  property  is  located 
so  far  from  transportation  lines. 

A  small  quarry  owned  by  Mr.  Hobby  and  situated  about  one-half 
mile  east  of  the  Kinkle  ({uarry  is  not  now  being  operated  and  was 
not  visited  by  the  writer. 


MICA,  GRAPHITE,  ETC. 


MICA  DEPOSITS  OF  WESTERN  NORTH 

CAROLINA." 


By  Douglas  B.  Stereett. 


INTRODUCTION. 

Though  one  of  the  lesser  minerals,  mica  is  of  considerable  impor- 
tance in  the  industrial  world.  It  receives  its  most  important  applica- 
tion in  the  electrical  industry.  It  is  also  used  in  the  manufacture  of 
stoves,  lighting  apparatus,  wall  papers,  lubricants,  paints,  boiler 
coverings,  fireproof  apparatus,  etc.  About  half  of  the  mica  con- 
sumed in  the  United  States  is  of  home  production.  The  remainder  is 
imported,  chiefly  from  India,  with  smaller  amounts  of  phlogopite,  or 
^' amber  ^'  mica,  from  Canada.  The  States  contributing  to  the  home 
production  in  1905,  in  order  of  relative  rank,  are  given  by  G.  O. 
Smith ^  as  North  Carolina,  Colorado,  New  Hampshire,  Georgia, 
South  Dakota,  and  New  Mexico.  Of  the  total  production,  amount- 
ing to  $201,155,  North  Carolina  is  credited  with  over  two-fifths. 
During  some  previous  years  this  State  has  contributed  over  two- 
thirds  of  the  domestic  production. 

The  mica  deposits  of  western  North  Carolina  have  been  examined 
by  several  investigators  in  the  interest  of  the  State  Geological  Survey. 
The  subject  receives  only  brief  treatment  here,  as  it  is  expected  that 
a  nearly  complete  report  will  be  prepared  by  the  State  Survey  during 
the  coming  year.  The  present  paper  represents,  in  part,  the  results 
of  field  work  by  the  writer,  under  the  direction  of  the  North  Carolina 
Geological  Survey,  chiefly  during  the  field  season  of  1906.  Certain 
data  used,  however,  were  obtained  in  1905  during  the  joint  survey  of 

a  Publisjied  by  permission  of  the  State  geologist  of  North  Carolina. 
&  Mineral  Resources  U.  S.,  1905,  U.  S.  Geol.  Survey,  1906,  p.  1281. 
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the  Balsam  Mountain  region,  in  parts  of  Haywood,  Jackson,  and 
Transylvania  counties,  by  the  Federal  and  State  surveys.  The  writer 
wishes  to  express  his  appreciation  of  the  aid  rendered  him  by  Mr.  Arthur 
Keith  in  the  preparation  of  these  pages. 

Active  mica  mining  has  been  carried  on  in  North  Carolina  for  the 
last  thirty-eight  years,  though  with  varying  degrees  of  energy  and 
success.  The  remains  of  ancient  workings  with  crude  stone  tools 
around  some  of  the  better  deposits  give  evidence  of  early  mining  by 
the.  aborigines  or  prehistoric  people.  The  starting  of  the  present 
industry  is  generally  credited  to  Thomas  L.  Clihgman,  who  had  the 
Silvers  mine  opened  in  Yancey  County  in  1868.  After  taking  out  some 
good  blocks  of  mica  he  was  called  away  by  other  duties  without  dis- 
posing of  them.  The  mica  was  brought  to  the  attention  of  Heap  & 
Clapp,  stove  dealers,  of  Knoxville,  Term.,  who  recognized  its  value  and 
shortly  after  started  work  on  this  and  other  mines. 

It  is  claimed  that  the  earliest  mica  mining  in  North  Carolina  was 
done  in  Jackson  County  in  1867  by  a  Mr.  Person,  of  Philadelphia.  In 
1858  a  specimen  of  mica  from  Jackson  County  was  exhibited  at  the 
State  fair  in  Columbia,  S.  C,  by  D.  D.  Davies.  Nine  years  later, 
after  the  value  of  mica  was  better  recognized,  Mr.  Person  came  to 
Jackson  County  and  started  operations  on  numerous  prospects  known 

to  Mr.  Davies. 

« 

After  a  number  of  years  of  depression  due  to  low  market  values  at 
the  time  when  India  mica  was  imported  into  the  country  in  large 
quantities,  the  production  is  again  increasing.  Especially  during  the 
last  two  years  has  the  industry  gained  strength,  and  at  the  present  time 
many  companies  and  private  persons  are  examining  or  developing  old 
and  new  mines  and  prospects. 

For  more  detailed  information  on  mica  than  it  is  possible  to  give  in 
a  brief  report  of  this  nature,  the  reader  is  referred  to  the  following 
publications : 

Pratt,  J.  H.     The  Mining  Industry  in  North  Carolina,  annual  publication  of  North 

Carolina  Geol.  Survey,  1900-1904. 
Production  of  mica  in  the  United  States:  Mineral  Resources  for  1905  and  several  years 

preceding,  U.  S.  Geol.  Survey.     Especial  attemtion  is  called  to  the  report  by  J.  A. 

Holmes  in  the  volume  for  1898  (Twentieth  Ann.  Rept.,  pt.  6,  continued,  1899, 

pp.  691-707). 
Ells,  R.  W.     Mica  deposits  of  Canada:  Mineral  Resources  of  ('anada,  1904,  C'anada 

'Geol.  Survey. 
CiRKEL,  Fritz.     Mica,  Its  Occurrence,  P^xploitation,  and  Uses,  Mines  Branch,  Dept. 

Interior,  Canada,  1905. 
CoLLES,  G.  W.     Mica  and  the  mica  industry:  Jour.  Franklin  Inst.,  Philadelphia,  vol. 

160, 1905,  pp.  275-294.     Reprinted  in  book  form  in  1906. 
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DISTRIBUTION  AND  GENERAL  CHARACTER. 

Mica-bearing  pegmatites  occur  over  a  wide  area  in  North  Carolina, 
roughly  bounded  by  the  State  lines  on  the  northeast  and  southwest. 
This  area  extends  about  50  miles  southeast  of  the  Blue  Ridge  and 
northwestward  nearly  to  the  Tennessee  line.  (See  fig.  13.)  Mica 
mining  has  been  carried  on  in  eighteen  or  more  of  the  counties  included 
in  this  area.  The  largest  producers  have  been  Mitchell,  Yancey, 
Macon,  Jackson,  Haywood,  Ashe,  and  Cleveland  counties.  Good 
deposits  have  been  discovered  in  other  counties,  and  some  have 
yielded  considerable  mica. 

Most  of  the  mica  mined  comes  from  three  belts  in  the  western  part 
of  the  State.     These  may  be  called  the  Cowee-Black  Mountain  belt. 


the  Blue  Ridge  belt,  and  the  Piedmont  belt.  The  first  of  these  extends 
nearly  through  the  State,  parallel  to  and  near  its  northwestern  border. 
It  lies  northwest  of  the  Blue  Ridge  and  includes  part  of  Macon,  Jack- 
son, Transylvania,  Haywood,  Buncombe,  Yancey,  Mitchell,  Watauga, 
and  Ashe  counties.  The  second  belt  follows  the  Blue  Ridge  through 
the  State  and  extends  several  miles  to  the  southeast  among  the  foot- 
hills of  the  ridge.  It  is  of  relatively  small  importance  as  compared 
with  the  other  two.  The  Piedmont  belt  lies  wholly  in  the  Piedmont 
Plateau,  southeast  of  the  Blue  Ridge,  mainly  in  Cleveland,  Lincoln, 
Burke,  and  Stokes  counties.  Commercial  mica  deposits  have  noi 
been  found  in  unbroken  succession  through  the  whole  length  of  any 
one  of  these  belts. 
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The  quality  of  the  inica  obtained  from  different  localities  varies 
considerably.  In  general  it  may  be  said  that  the  mica  of  the  Cowee- 
Black  Mountain  belt  is  chiefly  clear  and  of  light  color  (as  a  rule  ^'  wine '' 
or  "rum")-  That  from  the  Blue  Ridge  belt  has  a  dark* smoky-brown 
color  and  much  of  it  is  more  or  less  ^'specked.''  In  much  of  the  Pied- 
mont belt  the  mica  is  of  good  quality  and  similar  to  that  of  the  Cowee- 
Black  Mountain  belt.  Of  course  there  are  exceptions  to  these  char- 
acteristies,  in  part  connected  with  geologic  conditions  which  will  be 
mentioned  in  another  place  (p.  407). 

The  Cowee-Black  Mountain  mica  belt  is  in  the  heart  of  the  Appa- 
lachian Mountains.  The  deposits  lie  at  various  elevations  between 
2,000  feet  above  sea  level  and  that  of  the  highest  mountains,  or 
over  6,500  feet.  Some  are  high  up  on  the  rugged  slopes,  where  the 
soil  covering  is  thin.  Others  are  on  the  gentle  slopes  of  the  valleys, 
covered  by  deep  residual  clays.  Much  the  same  could  be  said  of 
the  Blue  Ridge  belt,  though  the  elevations  are  not  so  great.  In 
marked  contrast  with  the  high  relief  of  the  mountain  region  that 
includes  these  belts  is  the  topography  of  the  Piedmont  Plateau 
southeast  of  the  Blue  Ridge.  The  general  elevation  in  the  mica- 
bearing  areas  of  the  plateau  belt  is  from  1,000  to  1,500  feet  above 
sea.  Though  typically  a  plateau,  it  is  more  or  less  dissected  by 
river  and  creek  valleys  200  or  300  feet  deep. 

The  rainfall  in  western  North  Carolina  is  heaYjy  and,  as  the  cli- 
mate is  not  severe,  vegetation  flourishes,  and  large  areas  are  cov- 
ered with  dense  forests.  The  residual  soil  covering  due  to  rock 
decay  is  in  many  places  very  thick,  especially  where  the  slopes  are 
gentle  and  the  removal  of  decomposition  products  is  slow.  These 
features  combine  to  make  the  discovery  of  mica  deposits  diificult. 

GENERAL  GEOLOGY. 

The  mica-bearing  pegmatites  of  North  Carolina  are  tound  chiefly 
in  rocks  of  Archean  age,  and  are  practically  confined  to  mica,  gar- 
net, cyanite,  hornblende,  and  granite  gneisses  and  schists.  Other 
rocks  m  the  region  are  granites,  diorites,  and  peridotites,  also  of 
Archean  age,  as  well  as  younger  granites,  volcanics,  and  sediments. 
The  metamorphism,  folding,  and  faulting  of  the  gneisses  and  schists 
have  been  extreme.  In  most  of  the  Archean  rocks  it  is  difficult  to 
determine  the  original  nature  of  the  formations,  since  much  of  the 
sedimentary  bedding  and  igneous  texture  has  been  destroyed  by 
mashing  and  recrystallization. 

The  majority  of  the  mica  deposits  occur  in  two  formations  as 
mapped  by  Keith,  ^  namely,  the  Carolina  gneiss  and  Roan  gneiss. 
The  Carolina  gneiss  includes  most  of  the  gneisses  and  schists  men- 
tioned above  that  are  not  hornblendic  in  composition.     The  Roan 

o  Oeologic  Atlas  U.  S.,Asheville  (116) ,  Cranberry  (90),  Mount  Mitchell  (124),  Nantahala  (143) ,  Pisgah 
and  Roan  Mountain  folios,  U.  S.  Oeol.  Survey. 
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gneiss  is  composed  of  hornblende  gneiss  and  hornblende  schist  with 
smaller  beds  of  mica  gneiss  and  mica  schist  included.  Large  areas 
of  the  other  rocks  mentioned  above  are  mapped  as  separate  forma- 
tions. These  are  principally  granites  and  granite  gneisses  of  Archean 
age.  In  the  mica  regions  by  far  the  most  important  formation  is  the 
Carolina  gneiss.  It  extends  from  the  northwestern  side  of  the 
Cowee-Black  Mountain  belt  to  and  beyond  the  southeastern  side  of 
the  Piedmont  belt.  In  a  northeast-southwest  direction  it  extends 
far  beyond  the  State  boundaries.  The  age  of  the  Carolina  gneiss  is 
greater  than  that  of  any  other  formation  in  the  region.  Igneous 
rocks  of  later  epochs  have  been  intruded  into  this  gneiss,  which  has 
been  gashed  and  cut  by  them  into  irregular-shaped  masses,  in  many 
places  forking  out  into  long  tongues  or  occurring  as  long,  narrow 
streaks  in  the  intrusives,  or  vice  versa.  This  feature  is  common  to 
both  the  granite  intrusives  and  the  Roan  gneiss,  which  is  the  next 
oldest  formation  of  the  region.  Rocks  of  still  later  age,  as  Cam- 
bnan  sediments,  have  been  metamorphosed  into  gneiss  and  schist 
and  folded  with  the  older  formations  by  movements  associated  with 
the  Appalachian  uplift.  The  Carolina  and  Roan  gneiss  formations 
have  been  interbanded  with  and  cut  at  all  angles  by  numerous 
streaks  of  granitic  or  pegmatitic  material.  These  range  from  a  frac- 
tion of  an  inch  upward  in  thickness,  and  locally  pass  into  mica- 
bearing  pegmatites.  In  some  places  pegmatization  is  so  thorough 
that  mica  gneisses  become  strikingly  like  granite  gneisses.  This  is 
especially  characteristic  of  the  Carolina  gneiss  in  the  Piedmont 
region. 

The  study  of  the  geology  in  this  region  is  exceedingly  difficult, 
because  the  rocks  have  been  so  intensely  folded,  faulted,  and  meta- 
morphosed. The  enormous  amount  of  erosion  the  region  has  under- 
gone and  the  present  depth  of  atmospheric  decomposition  also  com- 
plicate the  task. 

OCCURRENCE  OF  MICA. 

Mica  deposits  of  commercial  value  in  this  State  are  confined  to 
pegmatites.  These  rocks  vary  considerably  in  form,  some  being 
typically  lenticular  in  shape  and  others  more  or  less  persistent  in 
length.  The  lens-shaped  bodies  are  generally  conformable  with  the 
schistosity  of  the  inclosing  rock.  They  may  lie  in  the  same  line  of 
bedding  or  schistosity  and  be  connected  by  smaller  streaks  or  string- 
ers of  pegmatite  or  by  mere  seams  in  the  rock.  Many  of  them,  on 
the  other  hand,  lie  in  planes  of  schistosity  more  or  less  separated 
from  one  another  and  form  parallel  or  overlapping  bodies.  In  cross- 
section  some  of  these  lenses  are  short  and  bulky,  with  a  length  only 
two  or  three  times  the  thickness;  others  are  long  and  tapering,  and 
may  constitute  simply  a  bulge  in  a  sheet  of  pegmatite.  In  most 
places  the  schistosity  of  the  inclosing  rock  bends  around  the  lenses. 
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Some  of  the  more  persistent  pegmatites  occupy  straight  fissures 
that  hold  their  direction  for  some  distance.  Elsewhere  they  are 
folded  with  the  country  rock  or  bent  and  twisted  into  various  shapes. 
Many  are  more  or  less  conformable  with  the  bedding  of  the  gneisses 
and  schists.  In  the  latter  case  they  are,  in  a  large  measure,  subject 
to  the  deformations  of  the  country  rock.  In  many  places,  however, 
the  pegmatites  are  conformable  for  some  distance,  and  then  l)ranch 
out,  cutting  from  one  layer  to  another  across  the  bedding.  Locally 
there  is  an  elbowing  or  bulging  out  on  one  wall,  without  a  similar 
irregularity  on  the  other  wall  of  the  pegmatite.  It  is  not  uncom- 
mon for  pegmatite  masses  to  cut  across  the  country  rock  for  long 
distances. 

Though  pegmatites  have  been  worked  for  mica  in  regions  of  hom-^ 
blende  gneiss  and  hornblende  schist,  where  they  are  directly  asso- 
ciated with  those  rocks,  the  majority  of  the  deposits  are  in  small 
biotite-gneiss  or  schist  masses  included  in  the  hornblende  areas. 
Where  the  pegmatite  is  in  contact  with  hornblende  gneiss,  the  latter 
may  be  highly  biotitic. 

Pegmatites  occur  in  irregular  masses,  streaks,  lenses,  augen,  or 
balls,  some  of  them  having  no  visible  connection  with  other  pegma- 
tite bodies.  They  range  from  a  fraction  of  an  inch  up  to  many  yards 
in  thickness.  The  limit  of  size  below  which  they  can  not  be  profitably 
worked  for  mica  might  be  placed  arbitrarily  at  from  1  to  2  feet  for 
rich  and  regular  '^  veins.''  In  the  very  large  pegmatites  the  mica  is 
not  in  general  evenly  distributed  through  the  mass,  but  is  richer  in  one 
portion  than  another,  so  that  the  entire  bulk  of  the  rock  does  not  have 
to  be  removed  hi  mining.  The  irregularities  of  pegmatites  and  the 
consequent  difficulties  in  mining  mica  from  them  are  well  illustrated 
in  road  cuts  or  similar  excavations  where  pegmatized  gneiss  or  schist 
has  been  cut  into.  The  lenticular  shapes,  pinching  and  swelling, 
crumpling,  folding,  and  faulting  to  be  observed  in  these  cuts  are 
found  to  be  nearly  duplicated  in  larger  pegmatites  opened  for  mica. 
As  stated  before,  these  smaller  masses  may  grade  into  those  containing 
mica  of  commercial  value.  Here  and  there  the  two  can  be  seen  at  the 
same  locality. 

Horses  or  inclusions  of  wall  rock  are  common  in  pegmatites. 
Some  of  them  are  in  the  form  of  bands  or  sheets  parallel  to  the  walls, 
and  the  schistosity  of  these  bands  is  also  parallel  to  the  walls.  They 
range  from  an  inch  or  two  up  to  a  couple  of  feet  in  thickness  and  their 
length  may  be  many  times  their  width.  Elsewhere  they  occur  as 
irregular-shaped  masses  from  a  few  inches  up  to  several  feet  thick. 
If  the  bedding  has  been  preserved,  it  may  lie  at  any  angle  with  that  of 
the  inclosing  wall  rock.  In  some  places  the  horses  are  partially  peg- 
matized by  streaks  of  pegmatite  ramifying  through  them  and  the 
development  of  considerable  feldspar  and  quartz  through  their  mass. 
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In  such  places  no  sharp  Une  can  be  drawn  between  the  point  where  the 
pegmatite  ceases  and  original  horse  begins. 

Pegmatite  is  closely  allied  to  granite  in  composition.  As  in  granite, 
the  essential  constituents  are  feldspar  and  quartz,  with  more  or  less 
mica  and  other  accessory  minerals.  Though  hornblende  is  a  rather 
common  mineral  in  granite,  it  is  less  so  in  pegmatite.  Orthoclase  or 
microcline  are  the  most  common  varieties  of  feldspar  found  in  pegma- 
tite. In  many  places,  however,  a  variety  of  plagioclase,  either  albite 
or  oligoclase,  makes  up  part  or  all  of  the  feldspar  component.  The 
feldspar  occurs  in  masses  and  rough  crystals  with  a  diameter  of  sev- 
eral feet.  In  the  old  Mart  Wiseman  mine  near  Sprucepine,  Mitchell 
County,  orthoclase  crystals  2  by  4  feet  and  larger  have  been  cut 
through.  From  their  whole  rectangular  cross  section,  as  exposed  in 
the  walls  of  the  tunnel,  a  simultaneous  reflection  of  light  is  obtained 
from  the  cleavage  faces. 

Quartz  assumes  various  forms  and  positions  in  the  pegmatite.  In 
many  places  it  bears  much  the  same  relation  to  the  feldspar  and  mica 
as  in  granite,  the  three  minerals  being  thoroughly  mixed  with  one 
another;  but  the  individual  grains  are  many  times  larger  than  in 
ordinary  granite.  Not  uncommonly  the  quartz  and  feldspar  assume 
a  graphic-granite  texture  in  a  portion  of  the  pegmatite.  Another 
common  feature  is  the  occurrence  of  large  separate  masses  of  quartz 
occupying  various  positions  in  the  pegmatite.  .  Such  quartz  masses 
may  be  irregular  in  form  and  but  little  influenced  by  the  shape  of  the 
pegmatite  or  inclosing  walls.  Generally,  however,  they  occur  in  bands 
or  sheets  lying  parallel  to  the  walls.  There  may  be  one  or  more  of 
these  quartz  bands  constituting  varying  proportions  of  the  pegmatite. 
Their  thickness  ranges  from  a  fraction  of  an  inch  up  to  6  or  more 
feet.  Many  of  them  are  lenticular  in  shape,  the  length  varying  from 
four  or  five  to  twenty  or  more  times  the  thickness.  In  numerous 
places  these  quartz  streaks  or  veins  are  persistent  through  the  whole 
length  of  the  pegmatite  exposed.  Some  inclose  feldspar  or  mica 
bodies;  others  do  not.  The  quartz  of  these  segregations  is  massive 
and  generally  granular,  though  locally  crystallized.  In  the  latter 
case  it  may  be  translucent  or  clear  and  of  a  dark  smoky  or  light  color. 
It  is  generally  rather  pure  and  does  not  contain  feldspar  or  mica  in  any 
quantity. 

Muscovite  is  the  common  mica  of  pegmatite  and  is  the  only  variety 
mined  in  North  Carolina.  Biotite  occurs  in  some  quantity  in  a  few 
deposits  and  in  smaller  amount  in  many  others.  Where  muscovite 
and  biotite  occur  together  in  a  deposit,  the  muscovite  is  generally 
clear  and  of  good  color.  It  is  not  unusual  for  the  two  to  occur  in 
intergrown  crystals  with  a  common  cleavage  plane.  Again,  mica 
from  deposits  in  rock  formations  where  the  ferromagnesian  minerals 
are  abundant,  as  hornblende  or  biotite  gneiss  and  schist,  is  generally 
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found  to  be  clear  and  of  light  color.  Where  the  pegmatite  is  closely 
associated  with  or  occurs  in  granite  with  a  paucity  of  the  ferromagne- 
sian  minerals,  the  mica  is  generally  of  dark  color  and  much  of  it 
''specked.''  The  true  color  of  mica  is  best  observed  in  sheets  from 
one-sixteenth  to  one-fourth  inch  in  thickness  when  examined  in 
transmitted  light. 

The  mica  occupies  various  positions  in  the  pegmatite.  Where  the 
rock  has  a  typical  granitic  texture,  the  mica  may  be  found  evenly 
distributed  through  it.  More  commonly  the  larger  crystals  will  be 
foimd  either  in  clusters  at  intervals  through  the  ''vein/'  in  places  con- 
nected by  streaks  of  small  crystals,  or  collected  along  one  or  both 
walls  of  the  pegmatite,  with  some  of  the  crystals  partly  embedded  in 
the  wall  rock.  Where  there  is  a  quartz  streak  within  the  pegmatite, 
the  mica  occurs  on  either  or  both  sides  of  it,  being  in  places  partly 
embedded  in  the  quartz  or  occupying  any  of  the  positions  noted  above 
in  the  remaining  portion  of  the  pegmatite,  which  generally  is  com- 
posed largely  of  feldspar. 

ASSOCIATED  MINERALS. 

Over  forty  different  minerals  have  been  found  in  the  pegmatites  of 
North  Carolina."  Besides  muscovite  mica,  several  others  of  com- 
mercial importance  are  found,  including  quartz  in  large  masses, 
feldspar  in  considerable  quantity,  kaolin  in  large  deposits,  beryl  of 
several  gem  varieties,  zircon,  uranium  minerals  carrying  radium, 
samarskite,  and  columbite.  Most  of  the  rare  minerals,  as  gem  beryl, 
columbite,  those  of  uranium,  etc.,  are  found  in  Mitchell  and  Yancey 
coimties;  though  beryl  of  gem  quality  is  found  also  in  many  other 
coimties.  The  beryls  from  the  pegmatites  have  furnished  handsome 
gems,  as  emerald,  aquamarine  (sea  green  and  blue),  and  the  golden 
variety.  The  potash  feldspar  removed  in  mica  mining  should  prove 
of  value  if  shipped  to  manufacturers.  Kaolin  results  from  the  decom- 
position of  the  feldspar  of  the  pegmatites  by  weathering.  In  the 
majority  of  the  pegmatites  of  North  Carolina  that  have  been  opened 
for  their  valuable  minerals  the  feldspar  is  found  to  have  partially  or 
entirely  altered  to  kaolin  from  the  outcrop  down  to  depths  varying 
from  a  few  to  100  feet  or  more.  In  this  way  valuable  deposits  of 
kaolin  have  formed. 

DESCRIPTION  OF  MINES. 
MILTON    ENGLISH    AND    NEIGHBORING    MINES. 

The  Milton  English  mine,  about  1  mile  northeast  of  Plumtree, 
Mitchell  County,  furnishes  one  of  the  most  typical  examples  of  peg- 
matite lens  formation  known.     The  pegmatite  lies  in  one  of  the 

aPratt,  J.  H.,  Mining  industry  in  North  Carolina  in  1901:  Economic  Paper  North  Carolina  Geol. 
Survey  No.  6, 1902. 
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smaller  biotite-gneiss  bodies  included  in  the  large  area  of  hornblende 
gneiss  which  forms  the  country  rock  of  the  region.  The  rocks  as 
exposed  in  the  mine  are  approximately  horizontal,  with  only  a  few 
gentle  monoclinal  folds  dipping  southward. 

A  tunnel  has  been  driven  in  over  450  feet  in  a  southerly  direction. 
From  this  drifts  have  been  run  off  both  to  the  east  and  the  west  for 
distances  varying  from  25  to  60  feet.  The  main  tunnel  was  carried 
back  by  a  series  of  rooms,  some  being  about  25  feet  wide,  where  the 
*'vein''  was  found  sufficiently  rich.  The  size  and  shape  of  these 
rooms  depended  on  the  pegmatite  lens  that  was  removed  for  mica  as 
they  were  being  made.  In  some  places  all  of  the  pegmatite  had  been 
removed  on  one  side  of  the  room  or  the  other.  In  others,  however,  a 
streak  a  few  inches  thick  was  left  in  the  walls,  showing  where  the 
lens  had  pinched  down  from  several  feet  (the  height  of  the  room)  to 
a  few  inches.  The  structure  of  the  pegmatite  is  strikingly  illustrated 
in  the  walls  and  faces  of  the  workings,  where  cross  sections  of  the 
lenses  can  be  seen.  Some  are  6  to  10  inches  thick  and  a  couple  of 
feet  long,  others  are  of  much  greater  thickness  (up  to  5  or  6  feet)  and 
of  proportional  or  even  greater  length.  These  lenses  overlap  or  lie 
parallel  to  each  other.  Many  of  them  lie  in  the  same  strata  of  the 
gneiss,  though  separated  by  several  feet.  A  thin  seam  or  parting, 
locally  containing  a  little  pegmatite  material,  can  generally  be  traced 
between  two  such  lenses.  Here  and  there  the  pegmatite  occurs  in 
sheets  or  streaks,  which  in  places  bulge  out  into  lenticular  form. 
These  streaks  may  pinch  down  to  mere  threads,  but  when  followed  a 
little  way  open  out  into  other  lenses.  The  full  thickness  of  the  belt 
of  overlapping  and  parallel  pegmatite  lenses  and  streaks  is  generally 
under  8  feet.  The  mica  gneiss  curves  around  swells  and  bulky  parts 
of  the  lenses. 

'  From  the  mouth  of  the  tunnel  the  pegmatite  outcrop  has  been 
traced  both  to  the  east  and  the  west  for  some  distance  around  the 
contour  of  the  mountain  side.  A  diabase  dike,  called  ^'the  iron  bar" 
by  the  miners,  follows  the  pegmatite  back  as  far  as  development  work 
has  been  carried.  It  is  very  irregular,  appearing  in  one  place  cutting 
into  the  pegmatite  and  then  not  seen  again  for  some  distance. 

The  texture  and  composition  of  the  pegmatite  are  those  of  very 
coarse  granite.  The  three  constituent  minerals  are  thoroughly 
mixed  and  have  separated  out  in  large  masses.  Even  in  lenses  only 
10  inches  thick  mica  crystals  5  or  6  inches  in  diameter  have  been 
found.  The  quality  of  the  mica  is  excellent.  The  color  is  a  clear 
light  '^rum'^  when  the  sheets  are  about  one-eighth  inch  thick.  The 
lamination  is  perfect,  and  beautiful  sheets  for  glazing  purposes  can 
be  obtained.  The  yield  for  the  amount  of  rock  removed  is  satis- 
factory and  contains  a  fair  proportion  of  larger  sizes. 
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Other  mines  have  been  opened  to  the  southeast  and  east  of  the 
Milton  EngUsh,  apparently  in  the  same  formation.  At  the  Johnson 
mine,  nearly  2  miles  to  the  southeast,  the  pegmatite  is  included  in  a 
hornblende  gneiss,  lying  nearly  flat,  biotitic  near  the  contact  and 
conformable  with  it.  It  is  sheetlike  in  form,  pinching  down  to  a  few 
inches  and  beyond  swelling  to  several  feet. 

Mc  KINNEY    OR   POWDERMILL   CREEK   MINE. 

The  McKinney  is  a  new  mine,  about  3  miles  northwest  of  Plum- 
tree,  on  the  north  slope  of  a  mountain  south  of  Powdermill  Creek. 
The  work  consists  of  an  open  cut  nearly  100  feet  along  the  strike  of 
the  "vein''  and  not  over  15  feet  deep  in  any  part.  Only  the  width 
of  the  pegmatite  has  been  removed.  This  rock  lies  in  a  biotite-gneiss 
streak,  a  few  yards  north  of  its  contact  with  the  hornblende-gneiss 
formation,  which  is  the  country  rock  of  the  region.  The  pegmatite 
is  conformable  with  the  gneiss  and  strikes  due  east  at  the  west  end  of 
the  cut  and  about  N.  80°  E.  in  the  eastern  part.  The  dip  is  about 
80°  S.  The  average  width  is  about  6  feet,  though  it  increases  to  8 
feet  or  more  near  the  middle  of  the  cut.  At  one  point,  near  the  west 
end,  the  south  wall  elbows  out,  causing  the  pegmatite  to  pinch 
abruptly  from  6  feet  down  to  4  feet.  In  general,  however,  the  varia- 
tions in  size  are  more  gradual.  The  pegmatite  has  beep  traced  by 
prospect  pits  for  some  distance  farther  east. 

The  texture  of  the  pegmatite  is  that  of  coarse  granite,  except  for 
a  width  of  a  few  inches  along  the  contact,  where  it  is  very  fine  grained 
and  of  dark  color,  thus  being  in  marked  contrast  with  the  rest  of  the 
mass.  The  feldspar  is  chiefly  a  plagioclase.  The  mica  is  generally 
disposed  near  one  wall  or  the  other,  though  some  large  blocks  occur 
nearer  the  middle  of  the  "vein.''  It  has  a  rather  dark  brown  color 
and  part  of  it  is  somewhat  "specked."  It  is  fairly  plentiful,  how- 
ever, and  blocks  of  good  size  are  frequently  obtained. 

BIG  RIDGE    MINE. 

The  Big  Ridge  mine  is  about  6  miles  east  of  south  of  Waynesville, 
Haywood  Coimty,  high  up  on  the  southwest  side  of  Lickstone  Bald, 
at  an  elevation  of  about  4,500  feet.  The  mine  is  equipped  with  air 
drills  and  a  steam  pump.  The  mica-bearing  pegmatite  is  conform- 
able with  the  mica-gneiss  coimtry  rock,  and  is  folded  with  it  into  an 
anticline,  the  axis  of  which  strikes  about  N.  80°  E.  and  pitches  20°  or 
more  into  the  moimtain  side.  The  angle  of  the  fold  is  not  sharp,  yet 
the  legs  dip  about  45°  a  few  rods  from  the  axis.  The  workings  con- 
sist of  tunnels  and  drifts  along  the  pegmatite,  with  stopes  and  raises 
between.  On  the  north  leg  of  the  fold  the  "vein"  has  been  removed 
for  a  depth  of  about  300  feet,  but  on  the  south  it  has  been  worked 


{ 


410         CONTRIBUTIONS   TO   ECONOMIC   GEOLOGY,  1906,  PART   I. 

for  only  about  100  feet.  The  pegmatite  is  fairly  regular  in 
thickness  and  would  probably  average  8  feet  through  a  large  part 
of  the  mine.  In  certain  places  where  the  full  width  of  the  "vein" 
had  been  removed  rooms  12  to  15  feet  high  were  left.  The  greater 
part  of  the  pegmatite  has  a  coarse  granitic  texture.  A  peculiar 
graphic-granite  texture  has  been  observed,  in  smaller  portions  of  the 
pegmatite,  caused  by  a  parallel  orientation  of  biotite  plates  in  a  feld- 
spar-quartz matrix.  A  thin  section  cut  from  a  piece  of  this  nature 
showed,  under  the  microscope,  a  semimicrographic  arrangement  of 
quartz  in  feldspar  crystals.  The  feldspar  is  largely  albite.  A  large 
amoimt  of  biofite,  probably  amounting  to  one-fourth  or  one-third 
of  all  the  mica  contained  in  the  "vein,''  is  found  with  the  clear  mica. 
In  places  the  two  form  intergrowths  with  one  another.  Apatite, 
hornblende,  and  gapnet  are  found  as  accessory  minerals.  The  mica 
is  of  clear,  light  "rum''  color  and  excellent  quality.  The  mine  has 
been  worked  for  many  years  and  has  been  a  good  producer.  It  is 
often  closed  during  part  of  the  winter,  as  it  is  foimd  difficult  to  keep 
up  sufficient  steam  to  run  the  air  compressor  at  such  an  elevation 
during  the  cold  weather. 

CATTAIL    BRANCH   MINE. 

The  Cattail  Branch  mine  is  near  the  head  of  Cattail  Branch,  in 
Yancey  Coimty,  about  5,500  feet  above  sea  level  and  nearly  a  mile 
southwest  of  Celo  Mountain,  the  north  end  of  the  Black  Moimtains. 
It  was  discovered  about  2  years  ago  by  Silvers  &  Son  and  B.  RoUand, 
all  of  Yancey  County.  The  developments  consist  of  open  cuts  at 
three  different  points  on  the  outcrop.  The  coimtry  rock  is  biotite 
gneiss.  Near  the  pegmatite  it  is  much  flexed  and  folded,  striking 
northeastward  with  nearly  vertical  folds.  The  pegmatite  is  in  the 
form  of  an  inclined  trough  with  a  horseshoe  or  U-shaped  cross  sec- 
tion. The  bottom  of  the  trough  pitches  about  55°  SW.  and  cuts 
directly  across  the  country  rock.  The  sides  are  nearly  vertical  and, 
at  ^  little  distance  from  the  bottom  of  the  trough,  conform  in  a  gen- 
eral way  with  the  strike  of  the  country  rock.  The  thickness  of  the 
pegmatite  varies  from  3  feet  in  the  curve  of  the  horseshoe  to  20  feet 
or  more  some  distance  out  from  the  curve.  This  includes  horses  or 
tongues  of  wall  rock  aroimd  which  the  pegmatite  has  forked.  About 
30  feet  southwest  of  the  curve  the  northwest  arm  is  nearly  25  feet 
thick,  the  greatest  thickness  exposed.  The  "vein"  must  have 
bulged  out  abruptly  to  attain  such  a  thickness  at  this  point.  It  con- 
tains mica-gneiss  bands  or  horses,  from  a  few  inches  up  to  a  maximum 
in  one  place  of  several  feet  in  thickness,  and  oriented  parallel  to  the 
walls.  The  southeast  arm  shows  a  similar  bulging,  being  about  12 
feet  thick  at  a  distance  of  25  feet  from  the  curve. 
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The  texture  of  the  p^matite  is  very  coarsely  granitic.  The  larger 
portion  of  the  mica  is  found  in  the  interior  of  the  pegmatite,  though 
some  occurs  scattered  along  the  walls.  The  quality  is  excellent  and 
the  color  a  beautiful  "rum."  The  yield  in  lai^r  sizes  is  good,  and 
smaller  sizes  are  plentiful. 

THORN    MOUNTAIN    MINE. 

The  Thorn  Mountain  mine  is  on  the  south  side  of  Thorn  Moun- 
tain, about  3  miles  south  of  Wayah  Gap,  in  the  Nantahala  Mountains, 
Macon  County.  There  are  two  mines  about  a  quarter  of  a  mile  apart 
on  this  mountain.  The  one  chosen  for  description  is  sometimes 
called  the  No.  2  mine.  The  work  consists  of  a  good-sized  open  cut 
carried  back  about  40  feet  on  the  strike  of  the  pegmatite,  and  about 


FiQ.  14.— Section  serosa  p^matlto  at  Tbora  Mountain  nilu«,  Utican,  county. 


25  feet  deep  at  the  farther  end.  The  country  rock  is  pegmatized 
mica  gneiss,  which  strikes  about  N.  50°  E.  and  has  a  high  northwest 
to  vertical  dip.  The  pegmatfte  is  from  10  to  15  feet  thick,  and  cuts 
the  gneissic  country  rock  with  a  strike  of  about  N,  25"  E.  and  a  dip 
of  50°  SE.  (See  fig.  14.)  At  least  one  horse  of  mica  gneiss  is  included 
in  it  and  exposed  near  the  bottom  of  the  cut.  This  horse  is  a  lat^ 
one,  with  its  schistosity  turned  at  an  angle  to  that  of  the  wall  rock. 
In  the  face  of  the  cut,  just  below  the  top,  the  p^matite  either  forks 
or,  more  probably,  includes  another  horse  of  wall  rock.  The  schis- 
tosity of  this  inclusion  is  also  out  of  parallel  with  that  of  the  walls. 
These  horses  are  even  more  highly  pegmatized  than  the  country  rock, 
and  the  lower  one  has  a  very  in-egular  outline. 

The  texture  of  the  pegmatite  is  that  of  very  coarse  granite.     The 
mica  does  not  seem  to  be  confined  to  any  one  portion,  but  is  found  in 
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bunches  or  pockets  of  crystals  at  varying  intervals  through  the  mass. 
It  is  said  that  in  mining  often  several  feet  of  barren  ^'vein'^  would 
have  to  be  removed  before  one  of  these  pockets  was  encountered. 
They  generally  yielded  a  good  quantity  of  mica,  however.  In  the 
bottom  of  the  cut  on  the  southeast  side  a  mass  of  quartz  had  been  laid 
bare,  but  it  was  not  sufficiently  exposed  to  determine  its  relation  to  the 
rest  of  the  pegmatite.  An  irregular  band  of  solid  mica  composed  of 
an  aggregate  of  small  crystals,  one-eighth  to  one-half  inch  or  more  in 
diameter  was  included  in  this  quartz.  It  was  6  to  10  inches  thick  and 
8  feet  long.  A  little  biotite  is  foimd  with  the  muscovite  at  this  mine. 
The  two  are  in  places  intergrown,  and  in  one  specimen  seen  a  sheet  of 
black  mica  inclosed  a  rhombic-shaped  plate  of  clear  mica.  The  latter 
had  very  much  the  appearance  of  a  fancy  window  in  a  dark  wall.  A 
small  amount  of  pyrrhotite  carrying  a  little  chalcopyrite  is  scattered 
through  this  quartz  in  lumps  up  to  half  a  pound  in  weight. 

This  mine  has  not  been  worked  for  several  years.  The  ^'vein" 
material  that  had  to  be  removed  was  found  to  be  exceedingly  hard. 
The  distance  of  the  mine  from  any  settlements  made  it  difficult  to 
obtain  labor.  The  mica  was  reported  to  be  fairly  plentiful,  however, 
and  this  combined  with  its  light  color  and  excellent  quality  ought  to 
equalize  any  disadvantages  due  to  location. 

MINES    IN   THE    WAYAH   BALD   REGION. 

Four  mines  have  been  opened  in  the  Nantahala  Mountains  on  the 
east  and  northeast  side  of  Wayah  Bald,  Macon  County.  These  are 
the  Turkey's  Nest,  Lyle  Cut  or  Evans,  Wayah  Bald,  and  Raven  Cliff. 
All  but  the  Raven  Cliff  were  examined,  and  since  they  have  so  many 
features  in  common,  a  description  of  one  with  reference  to  the  other 
two  will  answer  for  all  three.  The  Lyle  Cut  has  been  chosen  for 
description.  It  has  been  worked  by  an  open  cut  the  width  of  the  peg- 
matite and  about  40  yards  back  into  the  side  of  the  ridge  leading  east- 
ward from  Wayah  Bald.     The  depth  is  nowhere  over  35  feet. 

The  country  rock  is  mica  gneiss,  which  strikes  N.  80°  E.  and  dips 
60°  NW.  The  pegmatite  cuts  across  the  gneiss  with  a  strike  of  N. 
40°  E.  and  a  dip  of  about  70°  SE.  It  is  7  feet  wide  in  places,  but 
pinches  down  to  about  3  feet  at  the  entrance  to  the  cut.  These  varia- 
tions in  thickness  are  rather  gradual  and  the  deposit  appears  to  be 
very  regular.  The  strike  and  dip  remain  uniform  as  far  as  the  rock  is 
exposed  in  the  cut.  A  persistent  quartz  streak  of  variable  thickness 
and  continuity  occurs  within  and  near  the  middle  of  the  pegmatite.  It 
varies  from  10  inches  up  to  2  feet  in  thickness,  and  is  present  in  the 
full  height  of  the  pegmatite  exposed  in  the  face  of  the  cut.  It  has  a 
peculiar  banding  parallel  to  its  direction  and  the  walls  of  the  pegma- 
tite.    In  hand  specimens  the  texture  is  granular  and  the  banding 
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appears  as  alternating  portions  of  more  or  less  translucent  and  white 
quartz.  Small  mica  plates  lie  in  certain  streaks  or  seams  parallel  to 
this  banding.  Under  the  microscope  a  thin  section  proved  to  be 
almost  entirely  composed  of  rather  fine-grained  quartz.  The  grains 
are  angular  and  fit  somewhat  closely  together.  Some  of  them  show 
evidence  of  moderate  strain.  Between  crossed  nicols  a  slight  banding 
is  apparent  in  certain  directions  by  the  extinction  of  the  quartz 
grains.  Parallel  to  this  banding  are  two  streaks  of  minute  black  par- 
ticles, probably  magnetite.  These  lie  chiefly  between  separate  grains 
of  quartz,  though  some  are  included  in  the  quartz  grains.  The  quartz 
contains  many  inclusions.  Some  of  them  seem  to  be  irregular  cavi- 
ties, with  or  without  gas ;  others  have  a  reddish  color,  and  may  be  iron 
oxide  which  has  worked  its  way  from  the  pores  between  the  grains  into 
the  cavities  in  the  quartz. 


The  mica  was  reported  to  be  plentiful  in  the  feldspar-quartz  streak 
between  the  quartz  band  and  the  wall  rock.  The  color  is  a  beautiful 
"rum"  and  the  quality  excellent. 

In  the  other  two  mines  the  pegmatite  cuts  the  mica-gneiss  country 
rock,  as  in  the  Lyle  Cut.  There  is  also  a  regular  quartz  vein  within 
the  pegmatite.  The  mica  occurs  in  a  matrix  consisting  mostly  of 
feldspar  with  some  quartz,  between  the  quartz  band  and  the  walls. 
In  the  Wayah  Bald  mine  the  quartz  forks  in  one  place,  nearly  inclosing 
a  small  mass  of  feldspar  (see  fig.  15),  and  in  another  part  it  completely 
envelops  a  mass  of  feldspar  3  or  4  inches  thick.  Banding  of  the  quartz 
was  not  observed  in  the  Wayah  Bald  mine.  Both  mines  produce 
"  rum  "-colored  mica  of  the  same  excellent  quality  as  that  of  the  Lyle 
Cut. 

All  are  old  mines  except  the  Wayah  Bald,  which  is  the  only  one  that 
has  been  worked  recently.  It  shut  down,  however,  in  the  fall  of  1906. 
Bull.  315—07 27 
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HORACE   THOMPSON    MINE. 

The  Horace  Thompson  mine  is  about  3 J  miles  northeast  of  Falls- 
ton,  in  Cleveland  County.  It  has  been  opened  by  half  a  dozen  shafts 
with  considerable  tunneling  from  them.  Much  material  has  been 
removed,  and  owing  to  the  decomposed  nature  of  the  rock  formations 
and  the  probably  scant  timbering  used  most  of  these  workings  have 
fallen  in  and  the  ground  above  them  has  subsided  several  feet.  The 
openings  are  within  an  area  about  60  yards  east  and  west  by  20 
yards  north  and  south.  The  country  rock  is  garnetiferous  gneiss  and 
schist.  Cyanite  is  another  important  constituent  in  parts  of  it.  The 
garnets,  which  are  up  to  li  inches  in  diameter,  weather  out  in  the  soil 
near  the  mine.  The  products  of  weathering  consist  chiefly  of  clay 
through  which  abundant  fragments  of  hematite  and  tufts  of  cyanite 
impregnated  with  hematite  are  scattered.  The  strike  of  the  rock 
near  the  mine  is  mostly  east  and  west,  swinging  to  northwest  in 
places,  and  the  dip  is  nearly  vertical.  In  two  of  the  shafts  with 
their  tunnels  on  the  north  side  of  the  deposit  (not  yet  fallen  in)  there 
were  quartz  ledges  and  streaks  in  the  large  kaolinized  feldspar  for- 
mation exposed.  Blocks  of  mica  several  inches  in  diameter  had  been 
left  in  the  roof  of  one  of  these  tunnels  lying  in  the  feldspar  between 
the  wall  and  one  of  the  quartz  masses.  Small  blocks  were  included 
in  the  quartz  itself.  It  seems  probable  that  this  pegmatite  formation 
is  limited  in  extent,  for  an  opening  made  about  20  yards  east  of  the 
main  workings  exposed  a  small  pegmatite  body  2  or  3  feet  thick  with 
a  northwest  strike,  thus  cutting  across  the  direction  in  which  the 
main  mass  appeared  to  be  running. 

This  mine  has  produced  a  large  amount  of  good-sized  mica.  The 
color  of  the  mica  is  clear  ^^rum^'  and  the  quality  excellent.  The 
same  may  be  said  of  the  majority  of  the  mines  of  this  part  of  Cleve- 
land County  and  Lincoln  County  adjoining.  Quartz  ledges  are  other 
features  common  to  many  of  the  mines  of  this  section.  The  difficul- 
ties encountered  in  working  the  Thompson  mine  are  found  in  nearly  all 
the  mines  of  this  region,  namely,  large  amounts  of  water  to  handle, 
formations  that  require  much  timbering,  and  the  apparent  pinching 
out  of  the  mica-bearing  rock  in  one  or  more  directions. 

COWARD   MOUNTAIN    MINE. 

The  Coward  Mountain  mine  is  near  the  top  of  the  south  end  of 
Coward  Mountain,  on  the  north  side  of  the  Caney  Fork  Valley,  Jackson 
County.  The  notable  features  are  the  occurrence  of  sheetlike  horses 
of  wall  rock  and  streaks  of  quartz  parallel  to  the  walls  of  the  pegma- 
tite. The  country  rock  is  hard  garnetiferous  mica  gneiss,  somewhat 
schistose  near  the  contact  with  the  pegmatite.  The  latter  is  about 
10  feet  thick  and  strikes  about  N.  45°  E.,  with  a  dip  of  75°  NW. 
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Where  seen  near  the  surface,  it  is  nearly  or  quite  conformable  with 
the  inclosing  rock.  Quartz  is  the  predominant  mineral  and  occurs  in 
veins  and  streaks  parallel  to  the  wall  rock.  These  streaks  range  from 
1  or  2  inches  up  to  a  couple  of  feet  in  thickness.  Feldspar  is  nowhere 
very  abundant  in  the  pegmatite  and  is  confined  chiefly  to  a  streak  2 
or  3  feet  thick  near  the  hanging  wall,  where  with  quartz  and  mica  jt 
forms  the  ^ ^  vein.'^  Horsey  or  sheets  of  schistose  wall  rock  are  included 
in  the  pegmatite  in  several  places.  They  range  from  2  or  3  to  several 
inches  in  thickness.  These  horses,  together  with  the  quartz  bands 
and  mica  streak,  all  parallel  to  the  walls,  give  a  marked  banded 
structure.  Such  inclusions  of  sheetlike  horses  of  wall  rock  and  veins 
of  quartz  in  parallel  position  are  not  uncommon  in  this  region. 

This  mine  has  not  been  worked  in  recent  years.  The  developments 
consist  of  a  shaft  on  the  ^^vein"  reported  to  be  100  feet  deep,  with 
sufficient  open-cut  work  at  the  surface  to  give  working  room  on  the 
mountain  side.  The  mica  is  of  a  clear  ^^rum'^  color,  and  to  judge ^ 
from  smaller  pieces  seen,  of  good  quality.  Some  biotite  is  found  with 
the  clear  mica.  A  little  sulphide  of  iron  is  scattered  through  the 
''vein"  and  wall  rock. 

cox    «fe    DA  VIES    MINE. 

The  Cox  &  Davies  mine  is  about  three-fourths  of  a  mile  south  of 
Cullowhee,  Jackson  County,  on  the  point  of  a  ridge,  200  or  300  feet 
above  the  road.  The  developments  consist  of  open  cuts,  shafts,  and 
tunnels,  mostly  in  bad  repair.  There  are  two  parallel  ''veins''  about 
70  feet  apart,  and  both  have  been  worked  for  about  100  yards  across 
the  top  of  the  ridge.  The  mica-gneiss  country  rock  strikes  about 
N.  80°  E.,  with  a  southerly  dip.  The  pegmatite  masses  conform 
with  this  in  a  general  way,  though  they  cut  the  gneiss  in  places. 

A  tunnel  on  the  north  ''vein"  was  examined  for  about  150  feet  into 
the  hillside.  The  thickness  of  the  "vein"  was  in  the  main  from  2  to 
4  feet,  but  in  places  it  swelled  to  6  or  8  feet.  At  one  point  the  peg- 
matite was  warped,  the  strike  shifting  from  N.  70°  E.  to  S.  80°  E. 
and  back  again,  with  a  varying  southerly  dip.  It  cut  across  the  mica 
gneiss,  which  at  this  point  had  a  strike  of  N.  45°  E.,  and  a  vertical 
dip.  Quartz  was  exposed  only  in  smaller  masses  and  ledges  in  this 
tunnel.  The  feldspar  was  partly  kaolinized  and  easily  removed  in 
mining.  Quartz  was  found  to  be  more  plentiful  in  the  south  "vein." 
In  one  of  the  tunnels  still  open  a  quartz  streak  nearly  2  feet  thick 
was  exposed  in  the  roof  and  extended  some  distance  back.  Both 
veins  have  been  more  or  less  "ground-hogged"  through  their  whole 
length.  This  has  been  done  mostly  by  petty  leasers,  who  did  not 
care  what  happened  to  the  mine  after  their  leases  expired.  Mica  of 
excellent  quality  and  in  large  quantity  has  been  removed  from  each 
vein.  The  color  is  a  fine  clear  light  "rum"  or  "wine,"  and  the  mica 
is  said  to  have  brought  always  the  highest  prices. 
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CHINK    KNOB   PROSPECT. 

South  of  Chink  Knob,  near  the  mam  road  through  Canada  Town- 
ship, Jackson  County,  is  a  small  opening  several  feet  deep,  which  is 
described  here  only  because  of  the  peculiar  type  of  pegmatite  exposed. 
The  country  rock  is  mostly  mica  gneiss,  with  smaller  granitic  masses 
included.  These  are  doubtless  outliers  of  the  larger  intrusions  of 
granite  in  the  neighborhood.  Some  of  them  assume  a  pegmatitic 
texture  in  places.  The  prospect  reveals  a  vein  of  pegmatite  from  3^ 
to  4  feet  wide.  (See  fig.  16.)  It  strikes  about  N.  5°  W.  and  dips 
from  75°  to  80°  E.,  cutting  one  of  the  coarse  granite  masses  already 
mentioned.  The  mica-gneiss  country  rock  a  few  rods  from  the  pros- 
pect had  a  strike  of  N.  55°  E.  and  a  dip  of  50°  NW. 

The  vein  is  composed 
largely  of  quartz.  On  each 
side  and  down  through  the 
interior  of  this  quartz  there 
is  a  streak  or  band  of  feld- 
spar and  mica.  The  inte- 
rior band  consists  chiefly 
of  feldspar  with  a  small 
amoimt  of  mica,  but  in  the 
bands  between  the  walls 
and  the  quartz  mica  is 
probably  in  excess  of  the 
feldspar.  The  quartz  is 
massive  and  of  a  dark 
smoky  color.  It  has  a 
sheety  columnar  jointing 
about  normal  to  its  walls, 
probably  caused  by  later 
rock  movements.  The  mica  is  mostly  wedge-shaped  and  ^^  A.''  It  is 
of  a  dark  smoky  color  and  partly  ^^specked.^'  Blocks  from  3  to  5 
inches  across  were  probably  the  largest  found  during  the  prospecting. 

ADAMS   MINE. 

The  Adams  mine,  IJ  miles  southeast  of  Webster,  Jackson  Coimty, 
is  unique.  A  small  granite  dike  from  4 J  to  8  feet  thick  cuts  sharply 
across  the  mica-gneiss  country  rock.  The  dike  strikes  N.  25°  to  30° 
W.  and  dips  from  55°  to  70°  NE. ;  the  mica  gneiss  has  about  a  north- 
easterly strike,  with  a  dip  varying  from  nearly  vertical  to  70°  SE. 
This  granite  is  rather  fine  grained  and  light  gray  to  nearly  white  in 
color.  It  has  an  even  texture  and  shows  no  banding.  The  dike  has 
been  traced  over  100  yards  along  the  strike  by  prospects,  openings, 
and  tunnels.     On  each  side  of  the  granite  throughout  its  exposure 


3'/2  ft.- 


FiG.  IG.— Section  of  pegmatite  at  mica  prospect  near  Chink 
Knob,  Jackson  County,  N,  C.  1,  Coarse  granite;  2,  mica 
and  feldspar;  3,  quartz,  jointed;  4,  feldspar  with  little  mica. 
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there  is  a  pegmatite  streak  from  1  to  2  feet  thick.  (See  fig.  1 7.)  In 
some  places  this  pegmatite  is  made  up  chiefly  of  mica;  in  others 
feldspar  with  some  quartz  is  equally  important.  The  contact  between 
the  pegmatite  and  granite  is  irregular  and  not  sharp.  Many  of  the 
mica  crystals,  especially  those  near  the  contact  with  the  mica  gneiss, 
have  their  cleavage  planes  normal  to  the  walls  of  the  pegmatite. 
They  do  not  exhibit  any  other  delimte  orientation,  however.  The 
feldspar  has  been  kaolinized  to  some  extent  near  the  surface.  The 
mica  blocks  are  chiefly  small  (under  4  or  5  inches  in  diameter). 
They  have  a  clear  "rum"  color,  but  many  are  damaged  by  clay  stains 
between  the  laminae. 
They  are  plentiful 
however,  and  yield 
much  punch  and  scrap 
material. 

A  pretty  example  of 
faulting  is  exposed  in 
this  mine.  The  mica 
streak  on  the  south 
west  side  of  the  gramte 
has  been  brought 
nearly  opposite  that 
on  the  northeast  fide 
hy  a  fault  with  an 
8-foot     throw        This       "^"^ '"""  "*'  '"  "'"  '  "*'' 

fault  strikes  a  little  east  of  north  and  is  nearly  vertical.  The 
formations  on  the  east  side  of  it  have  shpped  to  the  north  a  few  feet, 
or  vice  versa. 

MINING  AND  TREATMENT  OF  MICA. 

The  methods  employed  in  working  most  of  the  mines  are  simple. 
Open  cuts  are  started  on  the  outcrop,  followed  by  shafts  or  tunnels 
when  the  "vein"  is  found  sufficiently  rich.  In  some  of  the  larger 
mines  power  drills  and  steam  pumps  are  employed  and  development 
proceeds  rapidly.  As  a  rule,  however,  simple  tools  are  used,  such  as 
pick  and  shovel  in  decomposed  formations  and  hand  drills  where  hard 
rock  is  encountered.  Dynamite  is  used  chiefly  in  breaking  down 
hard  rock.  The  "vein"  is  worked  out  by  shafts  (generally  inclined), 
tunnels,  drifts,  winzes,  and  stopes.  The  minimum  of  timbering  is 
used,  and  pillars  are  left  only  where  absolutely  necessary.  The 
workings  generally  have  a  very  irregular  shape,  since  they  follow  the 
mica  streaks  or  pockets  wherever  found.  Too  often,  in  the  past 
especially,  the  deposits  have  been  so  irregularly  worked  that  the 
term  "ground-hogging"  has  been  applied  to  the  methods  employed. 
"Ground-hog"  workings  consist  of  irregular  openings  at  the  surface, 


it  pegmatUe  at  Adams  mine,  1}  miles  southeast 
laon  County,  N.C.  1,  Wall  rock  (mlptt  gneiss); 
o  llv  mlcs;  3,  grsnils,  rsther  fine  grained.    Dla-' 
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shallow  shafts,  and  small  crooked  tunnels,  scarcely  large  enough  for  a 
man  to  work  in.  The  term  might  also  be  appropriately  used  to 
describe  the  irregular  stopes  made  by  '^jayhawkers^^  and  petty 
leasers  in  underground  workings.  These  people  cut  down  all  the 
mica-bearing  material  available  and  leave  the  waste  to  accumulate 
in  the  mine  until  further  work  is  difficult  or  impossible. 

Some  of  the  mines  are  located  in  rather  inaccessible  places,  to 
which  tools  and  provisions  have  to  be  packed  on  men's  shoulders, 
and  from  which  the  mica  is  brought  away  by  the  same  methods.  As 
the  needs  of  the  mountaineer  and  the  variety  of  tools  required  are 
small,  even  these  mines  can  often  be  operated  at  a  profit. 

At  most  of  the  mines  blacksmith  forges  of  suitable  size  to  meet  the 
requirements  are  set  up  so  that  drills  and  tools  can  be  sharpened  and 
other  shop  work  done.  Each  mine  generally  has  a  storage  bin  or 
house  where  the  mica  is  kept  and  sorted  over  before  selling  or  hauling 
to  trimming  establishments.  At  some  mines  the  output  is  sold  in  the 
rough.  At  others  it  is  split  and  sized  either  with  or  without  trimming 
off  the  rough  comers  and  edges.  Part  of  the  production  is  shipped 
to  the  manufacturers  after  rough  trimming  and  sizing,  and  the 
remainder  is  prepared  for  the  market  in  local  establishments  by  cut- 
ting into  patterns  and  punching.  The  waste  from  the  mines  and  ^crap 
from  the  cutting  houses  is  ground  in  local  mills  or  shipped  to  mills 
outside  of  the  State. 

ORIGIN. 

Mica  of  commercial  size  in  North  Carolina  occurs  only  in  pegmatite. 
It  is  uncertain  whether  this  rock  should  be  classed  with  dikes  or  veins. 
It  is  probable  that  some  bodies  are  true  dikes,  whereas  others  may  be 
vein  formations.  A  large  number  fall  into  an  intermediate  class,  of 
which  it  is  not  likely  that  a  reference  to  either  origin  can  ever  be  made. 
There  seems  to  be  no  reason  against  accepting  an  intrusive  origin  for 
the  majority  of  those  pegmatites  which  have  a  typical  granitic  tex- 
ture and  in  which  none  of  the  constituent  minerals  are  separated  out 
in  sheetlike  masses  parallel  to  the  walls,  especially  those  that  are  more 
persistent  in  extent  in  regions  where  granite  intrusions  are  of  large 
size  or  plentiful.  On  the  other  hand,  it  does  not  seem  reasonable  to 
consider  certain  forms  of  pegmatite,  occurring  in  the  region  studied, 
as  true  igneous  injections.  In  this  statement  are  included  such 
pegmatites  as  are  illustrated  in  figs.  16  and  17  and  probably  also  in 
fig.  15.     In  each  of  these  masses  banding  is  evident. 

Fig.  16  represents  a  vein  cutting  a  mass  of  coarse  granite  or  peg- 
matite in  a  region  of  granite  intrusions.  The  vein  is  composed  of  the 
same  minerals,  coarsely  crystallized,  as  in  pegmatite,  and  is  itself 
pegmatite.  It  is  evident  that  there  have  been  several  stages  in  its 
formation.     Apparently  the  mica-feldspar  bands  along  the  walls  were 
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first  formed,  followed  by  the  quartz,  and  then  in  the  middle  by  the 
streak  composed  chiefly  of  feldspar.  It  is  possible  that  the  feldspar 
formed  in  a  fissure  in  a  once  solid  mass  of  quartz;  though  it  probably 
occupies  the  portion  of  the  original  fissure  that  was  never  quite  closed 
by  the  quartz.  Fig.  17  represents  an  occurrence  that  is  uncommon, 
though  it  possesses  certain  features  bearing  on  the  origin  of  pegmatite. 
The  history  shown  by  this  deposit  may  be  briefly  described  as  follows: 
After  movements  associated  with  mountain  building  had  ceased — that 
is,  in  Carboniferous  time  or  later — ^the  granite  dike  was  forced  into  a 
fissure  or  line  of  weakness  cutting  across  the  foliation  of  the  country 
rock.  Cooling  was  fairly  rapid,  and  the  texture  was  consequently 
rather  fine.  This  was  followed  by  the  deposition  of  pegmatite  from 
solutions  passing  along  each  side  of  the  dike.  A  source  for  such  solu- 
tions could  be  found  in  the  final  stages  of  activity  of  the  magma  from 
which  the  granite  was  formed. 

These  two  illustrations  are  given  to  show  that  the  formation  of 
certain  pegmatites  is  much  more  readily  explained  by  referring  it  to 
aqueous  agencies  than  to  intrusion  as  an  igneous  body.  With  the 
probability  thus  established  of  an  aqueous  origin  for  certain  pegma- 
tites and  an  intrusive  origin  for  others,  we  are  confronted  by  a  large 
number  the  nature  of  whose  origin  is  difficult  to  decide.  Among  these 
are  many  pegmatites  like  that  represented  in  fig.  15,  in  which  there  is 
a  banding  consisting  of  a  streak  of  feldspar  with  a  little  quartz  mixed 
through  it  lying  on  each  side  of  a  quartz  band*.  Locally  there  are  sev- 
eral quartz  bands  in  the  pegmatite.  It  is  the  opinion  of  the  writer 
that  such  pegmatites  are  in  part,  if  not  wholly,  of  vein  origin.  The 
feldspar  component,  in  many  places  containing  more  or  less  quartz 
mixed  through  it,  may  have  been  intruded  as  a  magma  and  the  whole 
modified  by  the  secondary  introduction  of  quartz  by  solutions.  It 
seems  more  likely,  however,  that  if  a  part  is  to  be  considered  the  result 
of  aqueous  agencies  the  whole  pegmatite  should  be  so  considered.  A 
strong  argument  in  favor  of  the  deposition  of  these  quartz  bands  from 
solution  is  afforded  by  the  peculiar  banding,  apparently  not  due  to 
strain,  observed  in  the  quartz  streak  at  the  LyleCut  mine.   (See  p.  412.) 

The  blending  between  the  conditions  of  fusion  and  solution  con- 
ceived to  exist  under  heat  and  pressure,  such  as  prevail  in  deeply 
buried  granite  magmas  where  water  is  present  in  considerable  quan- 
tity, has  been  well  set  forth  by  Van  Hise,'*  Crosby  and  Fuller,^  and 
Williams.  ^  As  stated  by  Van  Hise,  given  the  two  conditions,  a  magma 
and  a  solution  with  no  sharp  line  of  demarcation  between  them,  we 
may  expect  to  have  injections  of  dikes  and  aqueous  cementation, 
which  grade  into  each  other  and  between  which  no  sharp  distinction 

o  Van  Hiso,  C.  R.,  A  treatise  on  meiamorphism:  Mon.  U.  S.  Geol.  Survey,  vol.  47, 1904. 
6  Crosby,  W.  O.,  and  Fuller,  M.  L  ,  Origin  of  pegmatite:  Am.  Geologist,  vol.  19, 1897. 
c  Williams,  G.  H..  General  relations  of  the  granitic  rocks  in  the  Middle  Atlantic  Piedmont  Plateau: 
Fifteenth  Ann.  Rept.  U.  8.  Geol.  Survey,  1895. 
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can  be  drawn.  Van  Hise  further  cites  the  occurrence  of  pegmatite  in 
metamorphic  rocks  in  the  Marquette  district  of  the  Lake  Superior 
region,  where  no  parent  granite  mass  was  found,  and  concludes  that 
the  pegmatite  was  formed  by  the  metamorphism  of  the  rocks  through 
mechanical  action  aided  by  aqueous  agencies. 

It  is  thought  that  these  views  are  applicable  to  the  pegmatites  of 
North  Carolina.  Some  are  so  clearly  associated  with  large  granite 
intrusions  and  are  so  like  granite  in  their  behavior  tow^^rd  the  country 
rock  that  the  theory  of  intrusive  origin  seems  particularly  appropriate. 
Others  also  in  regions  of  granite  masses  exhibit  structures  so  similar 
to  those  generally  attributed  to  vein  formations  that  they  must  be 
considered  of  aqueous  origin.  Still  others  show  structures  common 
to  both  igneous  masses  and  vein  formations  and  must  be  placed  in 
the  intermediate  stage  set  forth  by  Van  Hise.  There  are  pegmatites 
within  the  areas  of  the  Carolina  and  Roan  gneisses  which  are  so  far 
removed  from  any  known  granite  masses  that  it  seems  probable  that 
they  were  produced  during  the  metamorphism  of  the  inclosing  rocks, 
like  those  of  the  Marquette  district.  This  theory  is  more  plausible 
when  the  great  extent  of  the  regional  metamorphism  of  the  Carolina 
and  Roan  gneiss  formations  and  the  large  number  of  small  pegmatite 
streaks  cutting  them  at  all  angles  are  taken  into  consideration. 

The  occurrence  of  drusy  cavities,  comb  structure,  and  regular  band- 
ing, such  as  is  common  in  many  fissure-vein  deposits,  is  observed  in 
few  places,  if  anywhere,  in  the  mica-bearing  pegmatites  of  North  Caro- 
lina. This  is  not  to  be  wondered  at  when  the  conditions  of  the  forma- 
tion of  pegmatite  are  considered.  The  materials  are  probably  derived 
from  deep-seated  magmatic  or  metamorphic  sources,  and  the  pegma- 
tite was  formed  at  great  depth  under  conditions  of  heat  and  pressure. 
If  the  material  was  itself  a  magma,  the  resulting  form  would  be  a  dike, 
in  which  formation  cavities  are  never  looked  for,  except  near  the  sur- 
face. If  the  material  was  a  solution,  either  of  magmatic  or  metamor- 
phic origin,  a  vein  would  be  produced.  That  veins  do  not  necessarily 
have  banded  structure  nor  drusy  cavities  is  plainly  shown  by  many  of 
the  auriferous  quartz  veins  of  the  southern  Appalachians,  in  which 
genuine  banding  or  crustification  is  rare  and  the  majority  show  no 
trace  of  either:  These  veins  are  the  mere  stumps  of  a  once  extensive 
vein  system  that  has  been  eroded  away  along  with  several  thousand 
feet  of  the  formations  in  which  they  occurred.  According  to  Graton,^ 
these  veins  were  formed  by  heated  solutions  forced,  under  great  pres- 
sure, into  what  in  many  cases  may  have  been  the  merest  fractures  and 
depositing  their  loads.  The  force  of  crystallization  may  also  have 
aided  in  expanding  the  openings,  but  the  principal  force  is  supposed 
to  be  due  to  the  pressure  exerted  by  the  weight  of  overlying  forma- 
tions on  these  solutions  at  a  lower  depth  than  that  at  which  the  vein 

oGraton,  L.  C,  Gold  and  tin  deposits  of  the  southern  Appalachians:  Bull.  U.  S.  Geol.  Survey  No. 
293,  1906,  p.  60. 
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was  formed.  It  is  thought  that  pegmatite  veins  may  have  formed  in 
very  much  the  same  way  as  these  auriferous  quartz  veins.  Under 
similar  conditions  heated  solutions,  carrying  the  constituents  of  peg- 
matite instead  of  those  of  gold-bearing  quartz  veins,  would  form  regu- 
lar veins  of  pegmatite.  Any  irregularities  in  the  composition  of  the 
solutions  would  produce  the  banding  already  described  as  of  common 
occurrence  in  pegmatites. 

It  is  difficult  to  conceive  of  the  formation  by  injection,  as  an  ordi- 
nary magma,  of  pegmatite  in  streaks  or  bands  a  fraction  of  an  inch 
thick  in  gneissic  rocks,  in  many  places  having  no  visible  connection 
with  other  pegmatite  bodies.  On  the  other  hand,  it  is  easy  to  conceive 
of  a  solution  being  forced  through  the  smallest  fractures  or  working  its 
way  between  the  mineral  particles  and  depositing  its  load.  The  latter 
process  would  not  require  such  high  temperatures,  either  in  the  solu- 
tion or  country  rock,  as  would  be  required  for  the  injection  of  a  magma 
in  order  that  it  might  not  be  cooled  so  quickly  as  to  prevent  coarse 
crystallization.  The  possibility  of  the  formation  of  these  smaller  peg- 
matites by  the  injection  of  a  highly  fluid  aqueo-igneous  magma  is  not 
denied,  especially  if  the  magma  approaches  closely  the  conditions  of  a 
solution.  It  is  thought,  however,  that  aqueous  processes  afford  a 
simpler  and,  therefore,  more  reasonable  explanation. 

Pegmatization  of  rock  masses,  so  common  in  the  Carolina  gneiss, 
especially  in  the  Piedmont  Plateau  region,  has  probably  resulted  from 
one  or  both  of  two  causes — namely,  either  recrystallization  due  to 
aqueous  agencies  or  the  addition  of  more  material  from  solutions  pass- 
ing through  the  formations.  In  the  first  process  occluded  water  in  the 
rock,  aided  by  the  heat  generated  during  regional  metamorphism,may 
have  caused  recrystallization  and  consequent  pegmatitic  texture.  In 
the  second  process  it  is  probable  that  pegmatization  has  resulted  from 
solutions  which  were  forced  through  the  rock  along  cracks,  seams,  or 
bedding  planes  and  there  deposited  their  load.  Where  pegmatization 
is  characterized  by  much  feldspar,  it  is  probable  that  these  solutions 
were  of  magmatic  origin,  and  one  generally  does  not  have  to  look  far 
to  find  a  granite  intrusion  in  the  neighborhood. 

It  is  thought  that  pegmatites  occurring  in  irregular  masses,  streaks, 
lenses,  augen,  or  balls,  and  having  no  visible  connection  with  other 
pegmatite  bodies,  are  generally  the  result  of  aqueous  action.  A  solu- 
tion could  be  readily  forced  through  fractures  or  seams  along  the  bed- 
ding planes  and  deposit  its  load  only  in  the  more  favorable  places.  If 
such  bodies  were  formed  by  intrusions,  it  would  be  necessary  to  con- 
sider that  the  walls  of  the  dike  had  been  forced  together,  closing  the 
passage  through  which  the  magma  had  passed.  Though  the  possi- 
bility of  such  conditions  is  not  denied,  a  simpler  method  of  formation, 
as  deposition  from  solution,  is  considered  more  probable.  In  augen 
and  ball-shaped  bodies  of  pegmatite  without  visible  connection  with 


422  CONTRIBUTIONS    TO    ECONOMIC    GEOLOGY,  1906,  PART    I. 

other  pegmatite  masses,  room  for  the  segregation  was  probably  pro- 
duced by  the  expansive  force  of  the  growing  feldspar  crystals,  which 
have  crowded  the  gneiss  or  schist  out  on  each  side. 

SUMMARY  OF    CONCLUSIONS. 

It  is  uncertain  whether  pegmatites  should  be  called  intrusions  or 
vein  formations.  It  is  probable  that  some  are  dikes  and  others  are 
veins.  Those  with  a  typical  coarse  granitic  texture  are  probably  of 
intrusive  origin;  those  with  a  banded  structure  are  probably  the 
result  of  aqueous  deposition.  In  view  of  certain  examples,  already 
illustrated  by  figures,  these  statements  become  more  acceptable. 
Van  Hise's  conception  of  the  condition  of  pegmatite  material  before 
the  pegmatite  was  formed  seems  particularly  applicable  in  this  region; 
that  is,  given  a  magma  and  a  solution  with  no  sharp  line  of  demarca- 
tion between  them  there  may  be  intrusions  and  aqueous  cementation 
also  grading  itito  each  other.  Graton's  interpretation  of  the  forma- 
tion of  the  auriferous  quartz  veins  of  the  southern  Appalachians  also 
seems  particularly  appropriate  in  accounting  for  pegmatite  veins; 
that  is,  the  solutions  were  forced  into  fractures  or  fissures  under  great 
pressure  and  by  the  aid  of  the  expansion  produced  by  the  crystalliza- 
tion of  the  minerals  being  deposited,  spread  the  walls  apart  sufficiently 
to  allow  the  formation  of  the  veins.  The  occurrence  of  much  peg- 
matite in  small  streaks  through  the  rock  formations  is  probably 
caused  either  by  recrystallization  through  the  combined  action  of 
water  and  heat  or  by  solutions  being  forced  through  fractures  or 
seams  and  depositing  their  loads,  or  by  both.  It  might  also  be  pos- 
sible for  such  pegmatization  to  be  produced  by  the  injection  of  an 
extremely  fluid  aqueo-igneous  magma  into  and  through  the  forma- 
tions. Disconnected  bodies  of  pegmatite  are  also  more  readily 
explained  by  deposition  from  solution  than  by  intrusion  as  dikes. 

The  question  of  the  origin  of  pegmatites  is  chiefly  of  scientific 
interest  rather  than  of  commercial  importance;  for  good  deposits  of 
mica  are  found  in  rocks  of  both  dike  and  vein  types.  The  quality  of 
the  mica  from  one  type  is  in  general  ho  better  than  that  from  the 
other.  It  is  probable,  however,  that  those  pegmatites  which  are 
typically  of  intrusive  origin  will  be  found  to  hold  out  longer  than 
those  with  veinlike  structure.  Although  the  available  evidence  is 
insufficient  to  prove  this  definitely,  there  are  certain  dikelike  masses 
that  have  been  followed  long  distances  or  to  considerable  depth  and 
found  to  carry  paying  mica  to  the  Hmits  worked.  On  the  other  hand, 
many  veinlike  deposits  have  been  opened  and  large  quantities  of  mica 
recovered  from  certain  portions,  and  then  the  *'vein'*  has  abruptly 
become  poorer  or  pinched  out.  Of  course  there  are  veinlike  deposits 
which  have  been  worked  through  considerable  distances;  though 
probably  none  have  held  out  so  persistently  as  the  bodies  of  intrusive 
origin. 


MICA   IN  THE  HARTVILLE  UPLIFT.  WYOMING. 


By  Sydney  H.  Ball. 


INTRODUCTION. 

During  the  field  season  of  1906  the  writer  examined  the  mica  pros- 
pects of  the  Hartville  uplift,  situated  in  the  rugged  hills  among  which 
Haystack  Peak  is  the  most  prominent.  (See  fig.  5,  p.  192.)  They  are 
located  upon  pegmatite  dikes  cutting  pre-Cambrian  schists.  These 
schists,  which  form  the  uppermost  member  of  the  older  sedimentary^ 
series,*  are  closely  folded  and  intensely  metamorphosed  near  the 
granite  of  the  Haystack  Hills.  The  mica-bearing  area  lies  to  the  east 
of  Whalen  Canyon  and  to  the  west  of  Cottonwood  Canyon,  and  its 
north  and  south  boundaries  are  respectively  McCanns  Pass  and  an 
east-west  line  passing  through  Haystack  Peak.  The  possibly  pro- 
ductive area  includes  all  or  parts  of  sees.  25,  26,  27,  34,  35,  and  36, 
T.  28  N.,  R.  65  W.,  and  sees.  1,  2,  and  3,  T.  27  N.,  R.  65  W. 

The  first  mica  claim,  named  the  Savage,  was  located  by  Joseph  L. 
Stein  in  1881.  Other  prospects  were  soon  taken  up,  and  work  has 
been  done  on  some  of  them  up  to  the  present  day,  but  with  an  unim- 
portant exception  no  muscovite  has  been  shipped.  At  present  four 
prospects  appear  promising. 

Muscovite  in  commercial  quantities  is  confined  to  dikes  of  pegma- 
tite, which  cut  the  schists.  These  dikes  were  intruded  after  the 
schist  became  fissile,  and  in  consequence  trend  in  the  main  parallel  to 
the  schistosity,  although  in  places  they  cut  across  it.  The  dikes  vary 
from  thin  stringers  to  irregular  intrusive  masses  one-fourth  mile  wide. 
In  many  places  their  width  is  constant,  but  here  and  there  it  changes 
markedly  within  a  short  distance.  The  pegmatite  is  composed  of  the 
following  minerals,  named  in  the  order  of  their  abundance:  Feldspar 
(orthoclase,  microcline,  and  albite),  quartz,  muscovite  (white  mica), 
black  tourmaline,  beryl,  brown  garnet,  and  biotite.  It  is  in  general 
coarsely  granular,  the  mineral  bodies  varying  in  diameter  from  one- 
fourth  inch  or  less  to  2  feet  or  more.  Such  extreme  variations  are 
rarely  seen  in  a  single  dike,  although  important  changes  in  the  sizes  of 
grains  take  place  within  comparatively  short  distances.  The  distribu- 
tion of  the  minerals  in  the  pegmatite  is, as  a  rule, fairly  even,  although 

•  For  the  ducoession  of  the  pre-Cambrian  rocks  of  the  Hartville  uplift  see  pp.  193-194  of  this  volume. 
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locally  muscovite  in  particular  occurs  in  bunches  of  books.  Liquids 
and  gases  originating  from  the  pegmatitic  magma  have  considerably 
metamorphosed  bands  of  schist  on  either  side  of  the  pegmatite  dikes. 

DESCRIPTION  OF  PROSPECTS. 

The  principal  mica  prospects  of  the  Hartville  uplift  are  the  Crystal 
Palace,  the  Savage,  the  New  York,  and  the  Minnie. 

The  Crystal  Palace  claim,  owned  by  Lauck  &  Stein,  is  situated  on  the 
south  side  of  a  steep  valley  in  the  center  of  the  NE.  J  sec.  34,  T.  28  N., 
R.  65  W.  An  open  cut  60  feet  long  has  been  made  on  a  pegmatite  dike  6 
feet  wide  at  its  floor  and  15  to  18  feet  wide  at  its  top.  At  the  southwest 
end  of  the  cut  the  pegmatite  is  covered  by  talus,  but  it  is  exposed  for  a 
longdistance  along  its  strike,  which  is  N.  60°  E.  It  is  a  coarsely  crystal- 
line aggregate  of  feldspar,  white  quartz,  muscovite,  tourmaline,  brown 
garnet,  and  a  Httle  beryl.  The  black  tourmaline  is  not  prominent  and 
is  largely  confined  to  the  edges.  Quartz  was  the  last  mineral  of  the 
pegmatite  to  sohdify  and  a  portion  of  it  was  still  held  in  solution  by 
the  magmatic  waters  after  the  pegmatite  had  consolidated,  since  it 
also  occurs  in  indistinct  veins  which  cut  the  pegmatite.  The  distri- 
bution of  the  muscovite  is  bunchy  and  in  consequence  an  estimation 
of  the  amount  of  muscovite  in  the  walls  of  the  open  cut  is  difficult, 
although  it  probably  forms  from  10  to  15  per  cent  of  the  pegmatite. 
The  muscovite  tends  to  form  hexagonal  plates,  some  of  which  are  2 
feet  across  and  3  or  4  inches  thick.  It  is  a  good-grade  "  water  '^  mica, 
although  rulings  are  common  and  in  some  of  it  plates  of  feldspar  and 
quartz  lie  between  the  mica  leaves.  To  the  northeast  across  the 
gulch  the  pegmatite  contains  a  greater  proportion  of  tourmaline  and 
beryl,  and  though  muscovite  is  equally  abundant,  the  plates  are 
much  smaller.  At  present  there  are  2  or  3  tons  of  mica  on  the  dump. 
Some  of  this  is  high-grade  material  which  could  be  used  for  sheets. 

The  Savage  claim,  also  the  property  of  Lauck  &  Stein,  is  situated 
near  the  center  of  the  S.  J  sec.  26,  T.  28  N.,  R.  65  W.  An  open  cut 
is  here  located  on  a  pegmatite  dike  10  feet  wide,  which  courses  N.  65° 
E.  About  200  feet  farther  southwest  the  dike  either  pinches  out  or 
plunges  beneath  the  surface,  and  to  the  northeast  it  becomes  nar- 
rower and  the  muscovite  plates  become  smaller.  The  composition 
of  this  pegmatite  is  similar  to  that  at  the  Crystal  Palace  claim, 
although  bluish-green  beryl  is  more  abundant.  In  many  places  thin 
distorted  crystals  of  tourmaline  lie  between  the  muscovite  leaves. 
Muscovite  in  plates,  some  of  them  12  inches  in  diameter,  forms  10  to 
15  per  cent  of  the  pegmatite.  From  this  prospect  sheets  of  mica  11 
by  13  inches  and  free  from  flaws  have  been  obtained. 

The  New  York  claim  is  situated  in  the  northeast  comer  of  sec.  35, 
T.  28  N.,  R.  65  W.,  and  is  owned  by  Mr.  Frederick.  At  the  open  cut 
the  pegmatite  dike  is  from  6  to  10  feet  wide;  it  narrows  to  6  feet  350 
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feet  to  the  west,  but  widens  to  50  feet  500  feet  still  farther  west. 
The  pegmatite  varies  considerably  in  the  size  of  its  constituent  min- 
erals. Muscovite  occurs  in  plates  up  to  20  inches '  in  diameter, 
although  the  largest  plates  are  commonly  ruled.  The  larger  flaw- 
less plates  are  from  6  to  8  inches  in  diameter. 

The  Minnie  claim,  situated  southwest  of  the  center  of  sec.  35,  T. 
28  N.,  R.  65  W.,  is  also  owned  by  Mr.  Frederick.  The  largest  sheets 
obtainable  on  this  claim  are  8  inches  in  diameter. 

Plates  of  mica  10  inches  across  were  seen  in  a  pegmatite  dike  in 
the  north  center  of  sec.  35,  T.  28  N.,  R.  65  W.  This  dike  is  character- 
ized by  beryl  crystals  4  feet  long.  Plates  of  muscovite  8  inches  in 
diameter  occur  in  a  pegmatite  dike  in  the  center  of  the  SE.  J  sec.  35. 

COMMERCIAL  CONDITIONS. 

The  pegmatite  dikes  in  which  large  sheets  of  mica  occur  vary  in 
width  from  5  to  18  feet  and  carry  from  10  to  15  per  cent  of  muscovite. 
It  is  probable  that  at  least  in  the  four  prospects  described,  muscovite 
is  present  in  commercial  quantities.  There  is  a  marked  variation  in 
the  width  of  the  dikes,  along  both  the  strike  and  the  dip,  and  the  size  of 
the  mica  plates  is  by  no  means  uniform  in  different  portions  of  the 
same  dike.  The  mica  is  clear  and  of  good  quality,  although  varying 
amounts  of  it  are  ruled  and  feldspar,  quartz,  and  tourmaline  occur 
between  the  leaves  of  some  of  the  books. 

Mica  mines  situated  in  the  Western  States  are  operated  at  a  con- 
siderable disadvantage  on  account  of  the  high  freight  rates  to  the 
eastern  market.  A  mine  in  the  Black  Hills,  South  Dakota,  however, 
whose  transportation  facilities  are  comparable  in  a  general  way  to 
those  of  the  prospects  at  the  Hartville  uplift,  has  shipped  mica  to 
Illinois,  apparently  at  a  profit.  High  freight  rates  also  prohibit  the 
utilization  of  feldspar  and  quartz,  common  by-products  of  mica 
mines,  in  the  manufacture  of  pottery.  These  Wyoming  prospects 
would  furnish  a  considerable  percentage  of  sheet  mica  for  the  glazing 
trade.  Although  large  mica  plates  are  in  less  demand  than  formerly 
for  stove  doors,  since  smaller  sheets  are  now  used  in  paneled  doors, 
the  introduction  of  mica  lamp  chimneys  has  perhaps  offset  this 
decrease  in  the  demand.  Smaller  plates  could  be  used  in  making 
composite  sheets  of  mica  called  mica  board  or  micanite,  and  the  waste 
mica  could  be  shipped  for  grinding.  The  mica  of  these  prospects 
would  probably  bring  from  35  to  50  cents  per  pound.  The  Crystal 
Palace  and  Savage  claims  can  readily  be  reached  by  road,  and  the 
mica  can  be  hauled  to  Ironton,  Wyo.,  on  the  Chicago,  Burlington  and 
Quincy  Railroad,  for  $1.25  per  ton.  The  cost  of  transportation  from 
the  New  York  and  Minnie  claims  would  be  somewhat  greater.  It  is 
probable  that  under  careful  management  mica  of  excellent  quality 
could  be  produced  in  the  Haystack  hills  at  a  small  profit. 


GRAPHITE  IN  THE  HAYSTACK  HILLS,  LARAMIE 

COUNTY,  WYO. 


By  Sydney  H.  Ball. 


GEOGRAPHY  AND  GEOLOGY. 

In  the  summer  of  1906  the  writer  examined  the  graphite  proper- 
ties of  Laramie  County,  Wyo.,  situated  in  the  rugged  hills  aroimd 
Haystack  Peak,  which  lies  to  the  east  of  Whalen  Canyon  and  to  the 
west  of  Cottonwood  Canyon.  (See  fig.  5,  p.  192.)  The  most  prom- 
ising graphite-bearing  area  includes  sees.  14,  15,  22,  24,  25,  26,  27, 
34,  35,  and  36>  T.  28  N.,  R.  65  W.,  and  sec.  1,  T.  27  N.,  R.  65  W., 
although  graphitic  schist  occurs  in  the  vicinity  of  Rawhide  Buttes. 

The  first  prospecting  for  graphite  in  these  hills  was  done  by  Messrs. 
Lauck  &  Stein,  who  in  1881  located  the  so-called  Sentinel  claim, 
south  of  Hamilton  Pass.  Since  that  time  little  interest  has  been 
shown  in  the  graphite  and  no  shipments  have  been  made. 

The  graphite  occurs  in  the  immediate  vicinity  of  granite  and  peg- 
matite as  a  constituent  of  the  pre-Cambrian  muscovite  schist  of  sedi- 
mentary origin."  vOf  the*  larger  intrusive  granite  masses  of  the 
Haystack  Hills  one  alone — that  to  the  north  of  McCanns  Pass — has 
metamorphosed  this  schist  to  a  graphitic  phase.  The  schist  varies 
from  a  silvery  muscovite  variety  containing  but  httle  graphite  to  a 
grayish-black  sectile  rock.  Such  gradations  occur,  as  a  rule,  across 
the  strike,  although  to  a  less  degree- along  it.  On  microscopic  exami- 
nation the  schist  unaffected  by  the  granitic  and  pegmatitic  intru- 
sions is  seen  to  contain  carbonaceous  matter,  and  the  graphite  is 
this  material  altered  by  the  intense  heat  and  other  agents  attendant 
on  the  intrusions. 

OCCURRENCES. 

The  most  extensive  graphite  thowing  is  on  the  north  side  of 
McCanns  Pass,  2,000  feet  east  of  the  summit,  in  sec.  26,  T.  28  N., 
R.  65  W.  About  300  feet  of  schist,  which,  although  it  is  intruded 
by  a  large  pegmatite  dike,  is  of  the  normal  muscovitic  variety,  lies 
between  the  granite  and  the  graphitic  band,  striking  N.  55°  E.  and 


a  For  an  account  of  the  pre-Cambrian  succession  ol  theHaTt\v\\ftupVvlX,aeft^^A^VVi\cA.\M»N^\>MDkfe. 
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dipping  70°  NW.  The  graphitic  schist  is  exposed  in  two  outcrops 
2  feet  apart,  each  4  feet  wide  measured  across  the  bedding,  indi- 
cating, if  each  is  in  place,  a  thickness  of  10  feet.  This  rock  varies 
in  composition  across  the  strike  from  a  coarsely  schistose  muscovite- 
graphite  phase  to  a  graphite  schist  of  grayish-black  color.  Beyond 
.this  point  the  rocks  are  covered  by  alluvium  for  1,000  feet  to  a  sec- 
ond exposure  along  the  same  strike,  showing  an  8-foot  band  of  rather 
high-grade  semischistose  graphitic  rock,  portions  of  which  are  con- 
siderably iron  stained.  From  this  exposure  the  band  can  be  traced 
westward  1,000  feet  on  the  north  side  of  McCanns  Pass,  at  first  by 
abundant  and*  then  by  fewer  outcrops  and  many  residual  masses. 
The  graphitic  band  gradually  approaches  the  granite  and  is  finally 
cut  out  by  it.  At  the  contact  of  the  schist  with  the  granite  a  tunnel 
exposes  10  feet  of  graphitic  schist. 

A  band  of  graphitic  schist  2  feet  wide  occurs  on  the  south  side  of 
the  gap  in  the  center  of  the  NE.  i  sec.  1,  T.  27  N.,  R.  65  W.  This 
band  has  a  strike  of  N.  70°  E.  and  a  vertical  dip.  It  can  be  traced 
along  the  strike  for  several  hundred  feet  to  the  alluvium  on  either 
side.  Large  bodies  of  pegmatite  lie  within  35  feet  north  and  south 
of  the  graphite.  The  grade  of  the  graphite  is  lowered  by  the  pres- 
ence of  contorted  veins  of  quartz  which  lie  along  the  foliation  planes 
of  the  schist.  High-grade  graphitic  schist  has  also  been  thrown 
from  a  prospect  pit  in  the  center  of  the  W.  i  sec.  14,  T.  28  N.,  R. 
65  W.  It  occurs  also  in  the  north-central  part  of  the  NE.  }  sec.  26, 
in  the  northeast  comer  of  sec.  27,  in  the  center  of  the  SW.  J  SE.  } 
sec.  23,  and  in  the  northwest  corner  of  sec.  26,  T.  27  N.,  R.  65  W. 
In  sec.  26  some  tourmaline  is  associated  with  the  graphitic  schist. 

COMMERCIAL  CONDITIONS. 

As  seen  under  the  microscope  the  graphitic  schists  contain  much 
finely  disseminated  graphite  associated  with  quartz,  tourmaline,  and 
a  little  biotite,  muscovite,  and  feldspar.  The  richest  specimens 
appear  to  contain  up  to  16  per  cent  of  carbonaceous  matter,  all  of 
which  is  either  in  ragged  particles  or  hexagonal  plates  and  has  the 
microscopic  habit  of  graphite.  One  of  the  richer  specimens  analyzed 
by  E.  C.  Sullivan  afforded  by  the  Wittstein  method  13  per  cent 
total  carbonaceous  matter  and  5  per  cent  graphite.  Doctor  Sullivan 
states  that  this  method  may  not  determine  all  of  the  graphite  and 
that  the^other  carbonaceous  matter  present  is  practically  nonvolatile. 
On  chemical  an4  microscopic  grounds,  then,  it  is  probable  that  all 
the  carbonaceous  matter  present  may  be  commercially  considered 
graphite.  It  is  estimated  that  the  10-foot  bed  in  McCanns  Pass 
would  run  from  6  to  8  per  cent  graphite.  The  graphite  individuals 
are  very  small,  having  an  average  diameter  in  various  thin  sections 
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of  0.04  to  0.15  mm.  To  separate  such  finely  divided  graphite  from 
the  minerals  associated  with  it  would  require  very  fine  grinding  and, 
although  the  percentage  of  mica  in  the  schist  is  small,  the  expense  of 
a  clean  separation  of  the  graphite  and  mica  to  form  a  high-grade 
product  would  be  prohibitive.  The  graphite  is  of  the  variety  known 
in  the  trade  as  amorphous  graphite  and  is  suitable  only  for  paint, 
other  coloring  matter,  and  foundry  facings. 

Haulage  from  the  graphite  bed  to  the  Chicago,  Burlington  and 
Quincy  Railroad  at  Ironton,  Wyo.,  costs,  approximately,  $1.25  to 
$1.50  per  ton. 

Under  the  conditions  which  control  the  American  graphite  trade  at 
present,  it  is  exceedingly  improbable  that  these  deposits  can  be 
worked  at  a  profit.  At  some  future  time,  however,  they  may  be  of 
commercial  importance.  This  is  more  particularly  likely  to  be  true 
of  the  bed  in  McCanns  Pass,  which  is  8  to  10  feet  wide. 
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MINERAL  PAINTS. 


SOUTHERN  RED  HEMATITE  AS  AN  INGREDI- 
ENT OF  METALLIC  PAINT. 


By  Ernest  F.  Burchard. 


INTRODUCTION. 

At  certain  localities  in  northwestern  Georgia  and  southeastern 
Tennessee  the  Clinton  oolitic  hematite  occurs  in  beds  too  thin  to  be 
profitably  mined  as  iron  ore  under  present  conditions.  Much  of  this 
red  ore  is  of  the  *'soft"  variety  and  contains  an  unusually  high 
percentage  of  ferric  oxide,  with*  but  little  silica  and  alumina  and 
practically  no  lime.  Its  chemical  composition  renders  it  an  ideal 
red-paint  material  and,  owing  to  its  physical  condition,  it  is  easily 
crushed  and  ground.  With  the  rapid  increase  of  building  in  the 
South,  together  with  the  manufacture  of  railroad  cars  and  structural 
iron,  has  come  a  demand  for  metallic  paint  that  has  given  these  beds 
of  ore  an  unexpected  importance. 

The  reasons  why  this  ore  can  be  profitably  mined  for  paint  material 
and  not  for  iron  making  are  briefly  these.  In  order  to  bring  the  cost 
of  production  within  the  limits  of  market  prices  of  smelting  ores,  min- 
ing must  be  conducted  on  a  scale  involving  the  use  of  power,  cables, 
and  general  mine  equipment,  and  usually  a  railroad  spur  a  mile  or 
more  in  length  would  have  to  be  built.  The  total  amoimt  of  ore  in 
sight  indicates  that  the  beds  would  be  exhausted  too  soon  to  warrant 
this  outlay.  Furthermore,  the  nature  of  the  deposits  is  likely  to  be 
such  that  a  larger  quantity  of  shale  than  ore  would  have  to  be  removed 
either  to  win  the  ore  or  to  provide  the  head  room  necessary  for  regular 
mine  work,  thereby  rendering  it  doubtful  whether  the  ore  could  profit- 
ably be  worked  for  iron,  even  if  the  quantity  in  sight  were  assuredly 
greater.  When  the  right  kind  of  ore  occurs  under  these  conditions, 
it  is  sufficiently  valuable  to  paint  manufacturers  to  bear  the  cost  of 
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mining  by  hand  and  of  haulage  by  wagon  to  the  nearest  railroad. 
Ordinary  grades  of  iron  ore,  such  as  are  smelted  in  the  district,  are  not 
suitable  for  paint  manufacture,  and  therefore  they  can  not  compete 
with  the  more  expensive  material  here  considered,  although  a  small 
amount  of  high-grade  ore  that  would  otherwise  be  smelted  is  sold  by 
the  iron  producers  to  paint  makers  on  accoimt  of  the  good  price  it 
commands. 

Most  of  this  ore  that  is  used  for  paint  is  ground  by  mills  at  Chatta- 
nooga, but  a  part  of  it  goes  to  Birmingham.  The  paints  made  are  the 
reds  and  dark  browns,  and  a  considerable  quantity  of  the  ground  oxide 
is  sold  for  coloring  sand-lime  bricks  and  mortars  for  pressed-brick 
work. 

Geologic  maps  of  the  Chattanooga  and  Ringgold  quadrangles  show 
the  distribution  of  the  Rockwood  ore-bearing  formation  in  this  region. 
These  maps  have  been  published  in  folios  Nos.  6  and  2,  respectively, 
of  the  Geologic  Atlas  of  theUnited  States,  issued  by  the  United  States 
Geological  Survey,  and  are  available  in  many  public  libraries  and  in 
the  offices  of  many  mining  companies.  To  persons  familiar  with  the 
region  the  beds  containing  ores  of  value  for  iron  making  are  fairly  well 
known,  but  much  of  the  territory  intervening  between  the  iron-mining 
centers  has  never  been  prospected  with  reference  to  the  value  of  the 
ores  for  paint  manufacture. 

GEOLOGIC  RELATIONS  AND  DEVELOPMENT. 

GEORGIA. 

WiMtt?ood. — Along  the  west  base  of  Lookout  Mountain  extends  the 
anticlinal  Lookout  Valley.  On  both  sides  of  this  valley  is  exposed  the 
Rockwood  formation,  with  its  strata  dipping  away  from  the  axis.  In 
Lookout  Valley  this  formation  consists  of  about  600  feet  of  calcareous 
shale,  with  some  beds  of  blue  limestone  and  fossiliferous  hematite. 
Above  the  Rockwood  and  separated  from  it  by  a  few  feet  of  black 
Chattanooga  shale  lies  the  Fort  Payne  chert;  below  the  Rockwood  is 
the  Chickamauga  limestone.  The  Fort  Payne  chert  has  offered  greater 
resistance  to  erosion  than  the  adjacent  rocks,  and  its  base  forms  the 
crest  of  a  ridge  on  either  side  of  Lookout  Valley,  with  the  Rockwood 
shale  on  the  inner  slopes  of  the  ridges.  The  Alabama  Great  Southern 
main  line  traverses  this  valley  at  distances  of  a  quarter  to  half  a  mile 
from  the  eastern  ridge. 

The  eastern  ridge,  particularly  at  New  England,  furnished  soft  iron 
ore  to  Chattanooga  furnaces  for  many  years,  but  now  the  ore  obtain- 
able by  trenching  or  stripping  has  become  exhausted  and  mining 
activities  are  for  the  most  part  temporarily  suspended.  At  Wild- 
wood,  however,  where  the  soft  ore  has  been  found  suitable  for  paint 
manufacture,  there  is  still  some  ore  available  for  that  purpose,  part  of 
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which  was  awaiting  shipment  in  May,  1906.     The  rock  Ues  nearly  flat 
here  and  shows  the  following  section: 

Section  of  paint-ore  bed  at  Wildtvoody  Ga. 

Inches. 

Shalcn 

Ore 8 

Shale i 

Ore , 10 

Shale J 

Ore 9 

Shale. 

Estelle. — East  of  Lookout  Mountain  the  Rockwood  formation 
becomes  thicker  and  contains  less  limestone,  sandy  shale  and  beds 
of  sandstone  being  developed.  At  Estelle  is  exposed  a  good  railroad 
section  of  the  formation,  nearly  continuous  from  the  Chickamauga 
limestone  below  to  the  Chattanooga  shale  above,  and  from  this  sec- 
tion, in  which  the  rocks  dip  at  angles  of  5°  to  9°,  the  thickness  is 
computed  to  be  960  feet.  The  ore  seams  are  just  below  the  middle 
of  the  formation.  Two  ore  beds  about  25  feet  apart,  outcropping  on 
the  northwest  side  of  the  Pigeon  Mountain  syncline,  are  worked 
extensively  at  Estelle  for  iron  ore  to  supply  the  Southern  Steel  Com- 
pany's furnace  at  Chattanooga.  The  beds  at  this  place  dip  5°  to 
14°  S.  50°  E.,  and  are  to  a  large  extent  under  a  shallow  cover, 
especially  the  upper  bed.  The  lower  bed  is  so  thoroughly  leached 
and  so  pure  in  places  that  the  ore  from  certain  openings  at  the  mine 
is  sold  for  paint  manufacture  rather  than  for  smelting.  On  the  west 
side  of  the  hollow  through  which  the  Chattanooga  Southern  Railway 
passes  are  two  openings,  driven  on  the  strike  of  the  beds  for  200  feet 
or  more  entirely  in  soft  ore.  The  cover  over  the  beds  here  is  only 
16  to  20  feet  thick.  Where  covered  by  enough  shale  to  include  the 
higher  ore  bed  the  ore  of  the  lower  bed  becomes  hard.  .  The  follow- 
ing section  shows  the  character  of  the  lower  ore  bed  at  a  distance  of 
200  feet  from  the  mouth  of  one  of  these  openings. 

Section  in  soft-ore  opening  at  Estelle,  Ga. 

Inches. 
Shale. 

Soft  ore 4 

Hard  shale  or  "  jac!k  rock  " 5 

Soft  ore 15 

Shale 2 

Soft  ore 8 

Shale. 

The  composition  of  some  of  the  ore  from  this  place  is  shown  by 
the  following  analysis: 

Analysis  of  soft  ore  from  loirer  seam,  Estelle,  (ra. 

[Anthorily,  Southern  Steel  Company,  Chattanooga.) 
Feme  oxide 72. 86 

Insoluble 21. 00 

Phosphorus 40 

Manganese 30 
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TENNESSEE. 

The  red-paint  ore  produced  in  Tennessee  is  obtained  mainly  from 
White  Oak  Mountain  and  a  smaller  ridge  lying  to  the  east  of  it. 
The  mines  are  all  within  4  miles  of  Ooltewah,  a  station  on  the  South- 
ern Railway  15  miles  east  of  Chattanooga. 

White  Oak  Mountain  is  developed  on  the  west  limb  of  a  narrow 
syncline  that  trends  N.  15°  E.  'The  Rockwood  formation,  here  con- 
sisting largely  of  hard  brown  sandstone,  forms  the  ridge  of  White 
Oak  Mountain;  also  the  lower  ridge,  about  a  mile  farther  east,  on  the 
east  limb  of  the  syncline.  The  upper  portion  of  the  formation  appears 
to  contain  the  ore  beds  and  their  inclosing  shales.  Nearly  twenty 
years  ago  soft  ore  was  obtained  in  large  quantities  from  surface  work- 
ings near  the  cuts  of  the  Southern  Railway  through  Julian  Gap  and 
McDaniel  Gap,  and  from  the  strip  of  White  Oak  Mountain,  2  miles 
long,  between  these  gaps,  considerable  soft  ore  has  been  removed  in 
past  years.  At  present  underground  mining  is  in  progress  here.  On 
the  Tallen,  Parker,  and  Craven  properties  a  bed  14  to  18  inches  thick, 
containing  in  places  a  shale  streak,  is  worked  by  slopes  and  short 
drifts  driven  along  the  strike  of  the  bed,  with  rooms  turned  up  and 
down  the  dip.  The  main  openings — ^perhaps  30  inches  in  height — 
are  high  enough  only  to  admit  a  shallow  car,  and  the  miners  must 
crawl  in  on  hands  and  knees  and  work  in  a  sitting  posture.  The 
roof  over  the  main  entry  is  in  most  places  supported  by  posts,  but  a 
few  of  the  rooms  are  timbered.  None  of  the  workings  have  been 
carried  underground  more  than  75  feet.  The  beds  dip  22°-25°  S. 
65°  E.,  but  there  are  many  minor  crumplings  in  the  strata  that 
change  the  dip  considerably  and  make  mining  more  difficult.  The 
ore  is  so  firm  that  it  has  to  be  blasted,  yet  it  is  thoroughly  leached. 
The  material  is  very  f ossiliferous  and  apparently  contains  only  a 
moderate  amount  of  silica  for  a  well-leached  ore.  The  partial  analysis 
of  an  Ooltewah  paint  ore  from  this  locality  is  as  follows : " 

Partial  analysis  of  Ooltewah  paint  ore. 

Silica  (SiOa) J1.90 

Iron  oxide  (Fe^) 8.H.  14 

The  mines  on  these  properties  are  being  worked  by  lessees,  who 
pay  25  cents  a  ton  royalty  on  the  ore  taken.  The  ore  is  hauled  by 
team  IJ  miles  to  Wells  switch  at  a  cost  of  about  50  cents  a  ton,  or 
wagonload,  and  it  brings  $2.85  on  the  cars.  The  freight,  30  cents  a 
ton  to  Chattanooga,  is  paid  by  the  purchasers.  Each  miner  gets  out 
about  1  ton  of  ore  per  day,  and  wages  run  from  $1  to  $1.50  per  day. 
It  is  plain  that  the  cost  of  the  ore  is  such  that  while  red  ore  for  smelt- 
ing sells  at  about  $1  per  ton  these  ores  are  not  available  for  making 
iron. 


o  Bowron,  W.  M.,  Th<^  Iron  On's  of  th<i  Chattanooga  District,  Chattanooga  Chamb(^r  of  Coninie.rco, 
November,  1903,  p.  4. 
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North  of  Wells  switch,  or  Julian  Gap,  the  ore  is  being  worked  in  a 
small  drift  with  iipshoots.  The  ore  is  a  deep  red,  firm  material  with 
flattened  grains  mingled  with  fragments  of  crinoid  steins,  all  of  pure 
hematite.  The  bed  varies  in  thickness,  thinning  from  14  down  to  5 
inches  owing  to  a  squeeze  from  the  overlying  shale.  The  average 
thickness  is  about  10  inches  and  it  seems  possible  to  mine  a  bed  as 
thin  as  this  where  there  is  but  a  short  wagon  haul  to  the  switch.  A 
second  seam  of  ore,  6  to  7  inches  thick,  occurs  3  feet  below,  but  is  not 
worked. 

In  the  valley  east  of  the  Craven  property  considerable  ore  in  lumps 
and  pebbles  of  the  size  of  cobblestones  has  been  strewn  by  erosion 
down  the  stream  gullies  and  over  the  fields.  This  pebbly  ore  is  being 
gathered  and  shipped  to  the  paint  manufacturers. 

The  total  shipments  from  Wells  switch  amount  to  about  50  tons 
per  month. 

In  the  ridge  on  the  east  hmb  of  the  White  Oak  Mountain  syncline, 
north  of  Hinch's  switch,  the  red  ore  occurs  apparently  in  two  beds, 
but  examination  discloses  the  fact  that  a  single  bed  of  ore  has  been 
repeated  by  a  close,  overturned  fold.  Locally  the  same  bed  is  dis- 
placed and  repeated  by  faulting,  and  1  mile  south  of  Hinch's  switch 
the  entire  Rockwood  formation  on  the  east  limb  of  the  antichne  is 
engulfed  in  a  fault.  The  ore,  where  it  is  mined  north  of  the  railroad 
in  the  east  ridge,  averages  12  inches  in  thickness,  although  it  reaches 
16  inches  in  places.  Within  the  seam  are  a  few  partings  of  shale, 
locally  developed.  Blocks  of  the  ore  show  slickensides  perpendicular 
to  the  bedding.  From  Hinch^s  switch  northward  for  4  miles  soft  ore 
has  been  stripped  for  furnace  use.  At  present  underground  drifts 
and  slopes  about  1  mile  north  of  the  railroad,  owned  by  the  Chatta- 
nooga Paint  Company,  are  in  operation.  About  35  tons  of  paint  ore 
a  week  are  shipped  from  this  point.  The  approximate  composition 
of  the  ore  is  as  follows:" 

Analysis  oforefrorti  Chamberlain  tract,  north  of  Hinch^s  switch. 

Silica  (SiOa) 16.45 

Ferric  oxide  (FeaOg) 80.00 

Phosphorus  (P). : 28 

Water  (H,0) 1.81 

o  Bowroii,  W.  M.,  op.  cit.,  p.  4. 


THE  MINERAL-PAINT  ORES  OF  LEHIGH  GAP, 

PENNSYLVANIA. 


By  Edwin  C.  Eckel. 


During  the  summer  of  1906,  while  the  writer  wa|^ff  southeastern 
Pennsylvania  examining  the  brown  iron-ore  depdros  of  that  region, 
advantage  was  taken  of  a  favorable  opportunity  to  examine  the  well- 
known  ^'paint-ore''  mines  and  works  near  Lehigh  Gap,  in  Carbon 

f  Oeomgy  of  the  deposits. — ^A  typical  sectiofi  in  this  district  would  be 
li^oji^s  follows,  from  above  downward : 

Section  containing  paint  ore. 

Feet. 

Black  slates  (Marcellus). 

Clayey  limestone  ("Upper  Helderberg") 0-6 

Clay 0-1 

Paint  ore 0-6 

Clay .^ 2-20 

Sandstone  (Oriskany). 

The  paint  ore  is  an  impure  iron  carbonate  containing  considerable 
clayey  matter  and  some  lime  carbonate.  Near  the  surface  it  weathers 
into  brown  oxide  of  iron.  The  *'bed^'  of  paint  ore  is  not  continuous, 
but  thickens  or  thins,  and  in  places  disappears  entirely.  As  to  its 
continuity  in  depth  no  defmite  data  are  available,  but  at  several 
mines  the  ore  is  said  to  thin  markedly  in  depth,  while  the  limestone 
bed  thickens.  These  conditions  can  perhaps  be  interpreted  best  by 
assuming  that  the  ''paint-ore''  deposit  is  the  result  of  a  replacement 
of  the  ''Upper  Helderberg''  limestone. 

Other  occurrences  of  iron  ore  in  the  vicinity  lead  to  the  same  con- 
clusion. About  one-half  mile  west  of  Millport,  for  example,  the 
Oriskany  sandstone  shows  an  interesting  exposure.  Here  a  white 
residual  clay  is  being  worked  in  or  below  the  Oriskany  sandstone, 
which  itself  has  been  extensively  quarried  for  sand.  The  point  of 
interest  is  that  the  upper  beds  of  the  sandstone  show  replacement  by 
brown  ore  along  bedding  and  joint  planes,  while  in  places  the  replace- 
ment has  affected  the  mass  of  the  rock.  Some  specimens  show  a 
mass  of  brown  ore  inclosing  scattered  grains  of  sand.     Evidently  the 
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cementing  material  of  the  sandstone  is  less  resistant  than  the  grains 
themselves;  but  at  times  even  the  sand  grains  show  replacement 
by  brown  ore.  The  result,  on  a  very  small  scale,  is  the  formation  of 
ores  like  those  of  the  Rich  Patch,  Lowmoor,  and  Longdale  mines  of 
Virginia. 

Character  of  the  paint  ore. — The  typical  paint  ore  is  light  blue  in 
color  and  rather  distinctly  laminated.  Except  for  weight  it  might 
readily  be  mistaken  for  a  sandy  shale.  Occasionally  fossils  are  pres- 
ent in  the  ore,  in  which  case  it  looks  still  less  like  an  iron  ore.  Grains 
and  nodules  of  iron  pyrite  are  scatterd  through  the  ore,  but  not  to 
any  considerable  extent.  The  larger  nodules  of  pyrite  are  picked  out 
before  the  ore  is  sent  to  the  kiln,  and  some  sulphur  is  roasted  off,  but 
a  sufficient  number  of  small  grains  remain  to  give  the  paint  a  sulphur 
content  of  one-half  to  1  per  cent. 

Analysis  of  crude  paint  are^  Lehigh  Gap  district y  Pennsylvania. 

Silica  (SiOa) , 16.21 

Alumina  (AI2O3) ^'W^**^ 

Iron  oxide  (FeO) 44  JD      A 

Manganese  oxide  (MnO) ^'^^t,        J 

Lime(CaO) 3.  5r»-*> 

Magnesia  (MgO) 1. 08 

Sulphur  (S) 67 

Phosphorus  (P) 02 

Carbon  dioxide  and  organic  matter \ 

Water r^'^^ 

• 

The  analysis  given  above  was  made  by  Mr.  A.  S.  McCreath."  The 
sample  analyzed  is  evidently  far  richer  in  iron  than  the  average  mate- 
rial used  in  the  manufacture  of  paint,  as  can  be  seen  in  comparing  the 
above  analysis  with  the  analyses  of  finished  paint  given  later. 

Methods  of  manufacture. — Two  firms  are  now  operating  in  the  dis- 
trict. Princess  Manufacturing  Company  is  operating  two  kilns  (one 
west  of  Millport,  the  other  at  Bowman's),  and  three  mills,  all  at  Bow- 
man's. The  Prince  Metallic  Paint  Works  operates  kilns  and  a  mill 
about  half  a  mile  east  of  Lehigh  Gap. 

The  kilns  used  in  the  district  are  circular  internally,  with  an  interior 
section  about  5  feet  in  diameter  and  about  16  feet  in  height.  The  fuel 
used  is  wood,  burned  in  two  furnaces,  the  heat  being  conveyed  to  the 
charge  by  a  checkerwork  of  brick. 

The  ore  is  charged  at  the  top  of  the  kiln  at  the  rate  of  8  to  10  long 
tons  a  day.  As  the  kiln  holds  about  16  tons,  the  ore  is  roasted  for 
about  two  days.  One  cord  of  wood  will  roast  8  to  10  tons  of  ore. 
During  the  roasting  the  ore  loses  from  10  to  20  per  cent  in  weight,  and 
the  lumps  assume  a  brownish-yellow  color  on  the  outside.  When 
broken  open  and  pulverized,  the  powder  is  a  deep  brownish  red. 

a  Ann.  Kept.  Pennsylvania  Geol.  Survey  for  1886,  pt.  4,  p.  1404. 
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The  roasted  ore  is  crushed  to  about  quarter-inch  size  in  a  Mosser  pot 
crusher  and  then  pulverized  by  millstones.  The  latter  are  of  sevejal 
types.  At  a  plant  at  Bowman's  five  of  the  six  stones  in  use  were 
French  buhrs;  the  other  was  a  vertical  rock-emery  mill.  At  the 
Lehigh  Gap  plant  all  of  the  seven  mills  were  rock-emery.  F'our  of 
them  were  horizontal  under  nmner  stones;  the  other  three  were  ver- 
tical. It  is  generally  assumed  that  six  sets  of  stones  will  handle  the 
product  from  one  kiln. 

Character  of  the  product. — ^The  composition  of  the  metallic  paint 
from  this  district  is  fairly  indicated  by  the  following  analyses: 

Analyses  of  finished  metallic  paint,  Lehigh  Gap  district,  Pennsylvania. 


2. 


Silica  (SiOa) '   37.20 

Alumina  (AloOg) 9.  60 

Iron  oxide  (FeaOg) 43.  30 

Manganese  oxide  (MnO) 35 

Lime(CaO) 10 

Magnesia  (UgO) 3. 35 

Sulphur  trioxide  (SO3) 2. 38 

Phosphorus  pentoxide  (P2O6) .17 

Carbon  dioxide  and  organic  matter  (CO2) !     2.  40 

YiTater '       .60 

Metallic  iron  (Fe)  v. .  V^V/"///.V.....\[. . . . . . . .  i  30.  30 

Sulphur  (S) : ;       .95 


37.  20 

35.  30 

37.  79 

9.40 

10.70 

10.61 

42.70 

43.30 

41.28 

1.40 

1.83 

1.27 

1.70 

2.00 

3.00 

1.70 

1.91 

2.03 

1.88 

1.95 

1.94 

.14 

.15 

.14 

2.60 

1.50 

2.68 

.60 

.90 

29.90 

30.30 

28.90 

.75 

.78 

.77 

Analyses  1,  2,  3  furnished  by  Mr.  Thompson,  president  Prince  Metallic  Paint  Company:  analysis  4 
quoted  from  Ann.  Rcpt.  Pennsylvania  Geol.  Survey  for  1886. 

The  paint  made  in  this  district  is  a  browner  red  than  that  made  from 
the  oolitic  red  hematites  at  franklin,  N.  Y.,  and  Chattanooga,  Tenn. 
It  is  used  mostly  for  car  and  other  structural  work,  very  little  being 
used  as  mortar  color. 

Until  quite  recently  the  standard  package  for  this  paint  was  a  300- 
pound  barrel,  but  now  the  larger  consumers  (car  shops,  etc.)  prefer  a 
500-pound  barrel.  A  portion  of  the  product  is  packed  in  lOO-pound 
kegs. 
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DIATOMACEOUS    DEPOSITS    OF    NORTHERN 
SANTA  BARBARA  COUNTY,  CAL. 


By  Ralph  Arnold  and  Robert  Anderson. 


INTRODUCTION. 

During  the  summer  of  1906  the  writers,  with  the  assistance  of  H.  R. 
Johnson,  made  a  more  or  less  detailed  survey  of  the  Lompoc  and 
Guadalupe  quadrangles,  California,  embracing  the  Santa  Maria  oil 
field  of  northern  Santa  Barbara  County,*  to  determine  the  areal  dis- 
tribution and  structure  of  the  oil-bearing  formations  within  their 
boimdaries."  The  diatomaceous  deposits  that  were  examined  during 
the  course  of  the  investigations  occur  in  such  practically  inexhaust- 
ible quantities  in  proximity  to  railroad  and  ocean  transportation 
facilities  that  they  were  deemed  worthy  of  description  in  this 
bulletin. 

Although  these  deposits  have  been  known  locally  for  a  long  time 
and  have  received  brief  notice  in  such  publications  as  Mineral 
Resources  of  the  United  States  and  in  the  reports  of  the  California 
State  Mining  Bureau,'',  yet  there  is  a  general  lack  of  knowledge  in 
regard  to  their  importance,  as  is  shown  by  the  absence  of  any  mention 
of  them  in  the  standard  text-books,  where  much  smaller  deposits  are 
emphasized. 

Infusorial  earth,  tripoli,  or  diatomaceous  earth,  as  the  same  mate- 
rial is  variously  called,  is  of  widespread  occurrence  in  the  California 
coast  ranges  and  is  found  unaltered  in  great  abundance  in  northern 
Santa  Barbara  County,  where  it  is  usually  known  by  the  name  of 
diatomaceous  earth  or  ''chalk  rock."  The  former  designation  is  a 
very  proper  one  to  apply,  as  the  formation  is  almost  entirely  made 
up  of  the  skeletons  of  minute  organisms  called  diatoms.     These  are 

a  A  preliminary  report  ])y  the  writers  on  the  geology  and  oil  occurrence  in  this  region  is  being  pub- 
*lished  by  the  United  States  (teological  Survey  as  Bulletin  No.  317. 

6  For  a  brief  account  of  the  various  diatomaceous  deposits  of  California  see  The  structural  and  indus- 
trial materials  of  California:  Bull.  California  State  Min.  Bur.  No.  38, 1906,  pp.  28^296. 
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one-celled  plants  that  adapt  themselves  to  a  wide  range  of  conditions 
of  depth  and  temperature  in  fresh  and  salt  water  and  secrete  siliceous 
casmgs  or  frustules  around  their  organic  material.  They  nuist  have 
lived  in  extreme  abundance  in  the  ancient  sea,  for  it  is  evident  that 
the  deposit  was  built  up  by  the  little  shells  of  these  plants  which 
dropped  to  the  sea  bottom.  The  name  *'  chalk  rock"  is  inappropriate, 
for  although  the  deposits  closely  resemble  soft  chalk  in  appearance 
they  are  made  of  silica  instead  of  calcareous  material.  Examination 
with  a  hand  lens  almost  always  reveals  a  large  number  of  the  round 
forms  of  the  diatom  shells  thickly  embedded  in  the  shale,  many  of 
them  in  a  very  good  state  of  preservation.  In  some  of  the  material 
they  can  be  plainly  made  out  with  the  naked  eye.  Here  and  there  in 
petroliferous  portions  of  the  diatomaceous  shale,  individual  diatoms 
will  be  seen  completely  filled  with  petroleum. 

GEOLOGIC    RELATIONS    OF    THE    DEPOSITS. 

By  far  the  greater  part  of  the  diatomaceous  material  occurring  in 
the  territory  under  discussion  is  found  in  the  Monterey  (middle  Mio- 
cene) formation.  vSuch  is  the  age  of  the  deposits  in  the  hills  south  and 
north  of  the  Santa  Ynez  River,  in  the  Burton  Mesa,  Casmalia  and 
Santa  Maria  oil  field  areas,  and  in  the  region  northeast  of  Santa  Maria 
Valley  and  Sisquoc  River. 

Fairbanks  "  also  reports  diatomaceous  earth  in  the  Monterey  forma- 
tion south  of  Morro  Bay,  northeast  of  Port  Harford,  north  of  Pismo, 
and  southeast  of  Edna,  in  San  Luis  Obispo  County.  The  principal 
deposits  are  found  toward  the  top  of  the  Monterey,  those  in  the  lower 
portion  being  local  in  extent.  The  soft  material  is  usually  found  in 
series  of  beds  of  considerable  thickness,  in  w^hich  are  a  few  beds  of 
impure  shale  and  some  limy  layers,  the  latter  being  common  toward 
the  bottom  of  the  Monterey.  All  gradations  from  the  soft  earthy 
diatomaceous  material  to  the  hardest  of  black  flints  may  be  foimd,  in 
some  places  within  very  short  distances,  thus  indicating  the  extreme 
localization  of  the  conditions  that  produced  the  harder  varieties  from 
the  unaltered  deposits. 

Diatomaceous  shale  is  found  in  the  lower  part  of  the  Fernando 
formation,  which  overlies  the  Monterey  unconformably,  in  the  region 
between  the  head  of  Howard  Canyon  and  Sisquoc  and  at  one  or  two 
places  along  the  north  side  of  the  Casmalia  Hills.  This  portion  of  the 
Fernando  is  doubtless  of  upper  Miocene  age  and  is  the  equivalent  of 
the  Pismo  and  Santa  Margarita  formations  described  by  Fairbanks, 
which  contain  diatomaceous  earth  in  the  region  north  of  Arfoyo 
Grande,  southeast  of  Edna,  and  along  Salinas  River  as  far  up  as  Rin- 
conada  Greek,  all  in  the  San  Luis  quadrangle. 

a  Fairbanks,  H.  W.,  Description  of  the  San  Luis  quadrangle:  Geologic  Atlas  U.  S.,  folio  101,  U.  S. 
Qeol.  Survey,  1904,  p.  14. 
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LOCALITIES  OF  DIATOMACEOUS  DEPOSITS. 
REGION    SOUTH    OF    SANTA    YNEZ    RIVER. 

South  of  Lompoc. — The  only  deposits  of  diatomaceous  earth  in 
northern  Santa  Barbara  County  that  have  been  put  to  use  occur 
just  south  of  L()m})oc,  in  the  foothills  of  the  Santa  Ynez  Range,  east 
of  the  canyon  of  San  Miguelito  Creek.  From  the  edge  of  the  hills  at 
Ijompoc  for  a  distance  of  2  miles  or  more  to  the  south  the  hills  are 
formed  of  soft  white  diatomaceous  earth  in  a  very  pure  state.  It  is 
directly  at  the  surface,  can  be  (juarried  with  the  utmost  ease,  and  is 
ready  for  shipment  on  removal  from  the  quarry.  In  some  places 
the  material  is  in  great  soft  masses,  in  which  the  bedding  can  not  be 
recognized  except  by  the  characteristic  weathering  into  flaky  layers 
parallel  with  the  original  bedding  planes.  Elsewhere  it  is  more  com- 
pact and  in  thin  beds  varying  from  half  an  inch  to  2  or  3  inches  in 
thickness  or  in  massive  beds.  The  beds  are  tilted  and  in  conformity 
with  the  much-disturbed  hard  beds  of  flinty  shale  of  the  lower  por- 
tion of  the  Monterey  formation,  of  which  the  whole  series  is  a  part. 
In  places  the  diatomaceous,  earthy  horizon  is  traversed  by  thin 
laminae  of  hard  brown  brittle  shale.  There  must  be  at  least  3  square 
miles  over  which  the  diatomaceous  shale  is  exposed,  and  the  thick- 
ness in  some  places  reaches  several  hundred  feet. 

It  may  be  mentioned  in  passing  that  some  thin  deposits  of  vol- 
canic ash,  comprising  over  the  whole  area  a  large  amount  of  material, 
are  interbedded  with  the  diatomaceous  earth  in  this  region.  The 
ash  is  of  a  siliceous  variety,  probably  corresponding  in  composition 
to  an  acidic  lavalike  rhyolite.  It  is  soft,  pulverulent,  of  a  lustrous 
grayish  color,  slightly  more  gritty  than  the  tripoli,  and  very  homo-, 
geneous.  Its  somewhat  coarser  nature  might  make  it  valuable  for 
uses  to  which  the  diatomaceous  earth  is  unsuited.  It  is  worthy  of 
note  that  large  quantities  of  volcanic  ash  under  the  designation  of 
pumice  are  imported  animally  from  the  Lipari  Islands,  in  Italy,  for 
use  as  abrasive  material. 

Two  quarries  are  in  active  operation  at  Lompoc,  that  of  Balaam 
Brothers  and  that  of  the  Magne-Silica  Company,  of  Los  Angeles, 
and  considerable  quantities  of  the  diatomaceous  earth  are  shipped 
to  Ijos  Angeles  and  elsewhere.  Active  preparations  are  being  made 
for  the  installation  of  a  plant  at  Lompoc  for  the  treatment  of  the 
earth. 

Southwest  and  west  of  Lompoc. — The  outer  portion  of  the  hills 
soifthwest  of  Lompoc,  along  the  southern  border  of  the  Lompoc 
Valley,  is  composed  of  soft  white  diatomaceous  shale  that  is  the 
westward  continuation  of  the  deposit  just  noted.  It  is  of  great 
purity  and  of  such  extent  and  thickness  that  it  will  afford  an  aknost 
unlimited  field  for  development.     It  would  be  diflBLcult  to  estimate 
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the  area  covered,  but  it  is  many  sciuare  miles.  It  forms  a  frinjije  to 
the  hills,  stnicturall}'  overlyinj^  the  hard,  contorted  lower  Monterey 
shale  that  forms  the  greater  portion  of  the  hills  for  several  miles  back 
from  the  valley.  On  the  sides  of  the  canyon  followed  by  a  road 
into  the  hills  4  miles  west  of  Lompoc  about  1,000  feet  of  these  beds 
are  exposed  with  a  steep  northward  dip  toward  the  valley.  It  is 
probable  that  a  considerable  portion  of  the  sand-covered  hills  west 
of  this  road  as  far  as  vSurf,  on  the  shore  of  the  Pacific,  is  occupied  by 
the  soft  shale  of  this  series.     The  covering  of  sand  is  thin. 

San  Julian  Rancho. — Diatomaceous  shale,  white  and  fairly  pure, 
occurs  interbedded  with  hard  limestone  and  flinty  shale  at  the  base 
of  the  Monterey  formation  just  north  of  El  Jaro  Creek  at  the  point 
where  it  joins  Salsipuedes  Creek,  on  the  northern  border  of  the  San 
Julian  Rancho,  in  the  foothills  of  the  Santa  Ynez  Range.  The 
amount  present  is  small  compared  with  the  deposits  higher  u{)  in 
the  formation,  as  near  Lompoc.  In  general,  the  lower  half  of  the 
Monterey  is  barren  of  soft  unaltered  diatomaceous  beds  and  the 
upper  half  is  almost  entirely  composed  of  them.  At  least  one  area 
of  pure  Haky  diatomaceous  earth  occurs  near  the  head  of  Ytias 
Creek,  but  the  region  has  not  been  carefully  traversed.  It  is  not 
probable  that  any  very  extensive  area  of  it  occurs  here. 

Other  deposits. — Diatomaceous  deposits  are  exposed  along  the  road 
that  follows  Santa  Ynez  River  east  of  Lompoc,  on  the  point  of  the 
hills  a  mile  southeast  of  the  mouth  of  Salsipuedes  Creek,  and  on  the 
point  near  the  western  edge  of  the  Santa  Rosa  grant.  At  these 
places  the  material  forms  a  cap  overlying  the  hard  shales,  but  there 
is  no  great  area  of  it.  ^ 

BURTON    MESA. 

Burton  Mesa  is  a  wide.  Hat  terrace  of  Monterey  shale  capped  with 
a  horizontal  covering  (about  25  feet  deep)  of  recent  sand  and  gravel. 
Along  the  northern  border  of  the  mesa  and  up  the  canyons  running 
into  it  from  the  northwest  and  from  the  southeast  are  exposed  white 
diatomaceous  deposits,  and  this  material  constitutes  the  bulk  of  the 
northeastern  portion  of  the  mesa.  Earth  of  a  very  fine  ([uality 
forms  the  eastern  side  of  the  big  canycm  next  east  of  Pine  Canyon, 
from  5  to  8  miles  northeast  of  Lompoc,  and  thence  eastward  to  the 
point  where  the  mesa  merges  into  the  hilly  region  south  of  Harris 
the  valleys  dissecting  the  terrace  show  that  the  whole  region  is  com- 
posed of  this  material.  The  earth  continues  into  the  hills  farther 
east,  as  described  under  the  next  heading.  Good  exposures  in  w^hicli 
the  deposits  may  be  examined  occur  along  Santa  Lucia  Canyon  and 
the  valleys  running  into  it.  The  material  is  of  very  light  weight  and 
soft,  bnt  yet  compact.  The  bedding  is  thin,  but  as  the  earth  is  very 
homogeneous  the  bedding  planes  or  changes  from  one  bed  to  another 
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are  not  marked.  A  block  may  be  split  into  flat  plates  of  almost  any 
degree  of  thinness.  Santa  Lucia  Canyon  cuts  across  the  strike  of 
the  beds,  which  dip  at  a  very  low  angle,  about  12°  on  the  average, 
toward  the  northeast.  The  thickness  of  the  series  within  the  limits 
in  which  it  consists  of  pure  diatomaceous  earth  is  at  least  2,000  feet. 
The  beds  exposed  along  the  northern  edge  of  the  mesa  east  of  a 
point  2  miles  from  the  ocean  are  similar,  and  it  is  probable  that  the 
region  between  this  point  and  Santa  Lucia  Canyon,  comprising  the 
whole  northeastern  corner  of  the  mesa,  is  composed  of  the  same 
material.  The  area  so  included  is  at  least  12  or  15  square  miles  in 
extent. 

HILLS    BETWEEN    SANTA    YNEZ    AND    LOS    ALAMOS    VALLEYS. 

South  of  Harris. — The  ridge  of  hills  between  the  Mission  La  Puri- 
sima  grant  and  Harris  is  composed  of  the  upper  part  of  the  Mon- 
terey formation,  which  is  overlain  by  more  recent  sand  deposits  on 
the  flanks  of  the  ridge.  The  new  road  from  Lompoc  to  Harris 
exposes  a  thickness  of  at  least  2,400  feet,  which  is  almost  entirely 
soft  white  shale  composed  of  diatom  remains.  The  beds  dip  north- 
ward at  angles  of  20°  to  40°.  Some  of  the  material  is  of  less  pure 
quality  than  the  best,  and  there  are  a  few  layers  of  brown  brittle 
shale  or  yellowish-white  porcelainlike  shale,  but  the  great  bulk  of  it 
would  be  very  suitable  for  economic  use.  It  is  extremely  soft,  and 
blocks  of  any  size  or  shape  can  be  cut  out.  A  knife  or  saw  or  other 
cutting  instrument  will  go  through  it  just  as  through  soft  chalk. 
The  same  is  true  of  the  shale  of  the  other  occurrences  mentioned  in 
this  paper.  # 

Similar  diatomaceous  earth  composes  the  whole  ridge  west  of  the 
new  road  as  far  as  Burton  Mesa.  Locally  it  is  covered  by  terrace 
sand,  but  this  is  only  a  thin  capping  a  few  feet  in  depth.  There  is 
an  available  area  of  at  least  7  or  8  square  miles  of  the  earth,  and 
when  the  thickness  of  the  series  is  considered  it  becomes  evident 
that  a  vast  amount  of  the  material  is  present. 

Between  Cebada  Canyon  and  La  Zaca  Creek. — In  most  of  the  hilly 
region  between  Cebada  Canyon  and  La  Zaca  Creek,  for  an  extent  of 
over  30  square  miles,  the  diatomaceous  shale  predominates  as  the 
surface  formation.  Much  of  it  is  somewhat  altered  to  impure  varie- 
ties that  would  not^  be  the  best  for  economic  purposes,  but  areas 
of  many  square  miles  are  covered  by  deposits  hundreds  of  feet 
thick  that  are  of  excellent  quality.  Areas  of  especially  good  mate- 
rial lie  just  north  of  Santa  Rita  all  along  the  ridge  for  many  miles 
west  of  Redrock  Mountain  and  over  the  hills  north,  northeast,  and 
southeast  of  that  mountain.  The  thickness  of  the .  series  that  is 
exposed,  all  of  which  seems  to  be  with  little  doubt  of  diatomaceous 
origin,  whether  now  remaining  in  the  original  soft  state  in  which  it 
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is  fit  for  commercial  uses  or  altered  to  harder  varieties,  is  at  least 
4,500  feet. 

HiUs  south  of  Santa  Rita. — Diatomaceous  deposits  covering  several 
square  miles  lie  on  the  southern  flanks  of  the  hills  south  of  Santa 
Rita,  the  series  attaining  a  thickness  of  several  hundred  feet  and 
being  finely  exposed  in  some  of  the  cliffs  on  the  north  side  of  Santa 
Ynez  River.  These  deposits  are  underlain  by  hard  shales,  ^nd  it  is 
difficult  to  outline  areas  in  which  the  one  occurs  without  the  other. 

VICINITY    OF    SANTA    YNEZ. 

Hills  of  diatomaceous  earth  are  exposed  locally  about  IJ  miles 
northwest  of  the  Santa  Ynez  Mission  and  are  readily  seen  from  the 
valley  where  the  mission  stands.  The  shale  is  probably  of  consid- 
erable extent  here,  but  is  covered  for  the  most  part  by  thin,  geolog- 
ically recent  sand  deposits. 

Soft  shale  occurs  locally  3  miles  and  again  4  miles  southeast  of 
Santa  Ynez,  about  a  mile  north  of  the  river. 

VICINITY    OF    CAS^fALIA. 

The  hills  south  of  Casmalia  are  com})osed  of  white  diatomaceous 
shale  interbedded  with  slightly  brittle  layers  in  smaller  amount. 
The  canyon,  followed  by  the  road  due  south  of  Casmalia  over  to 
Burton  Mesa,  exposes  a  great  amount  of  pure  soft  earth  of  a  very 
good  quality.  This  extends  eastward  under  the  terrace  sands  and 
is  exposed  again  in  the  next  canyons  to  the  east.  The  sand  deposit 
is  not  deep,  and  the  tripoli  earth  is  very  near  the  surface  over  an 
area  of  5  to  10  square  miles. 

East  of  Casnialia  the  deposits  above  noted  continue  over  an  equal 
area,  being  covered  in  some  places  by  the  terrace  sand,  but  out- 
cropping in  all  the  canyons  and  forming  the  surface  over  the  greater 
portion  of  the  region.  A  good  quality  of  shale  is  exposed  along  the 
road  from  Casmalia  to  Harris  Canyon  and  on  the  ridge  north  of  it. 
Some  stretches  are  occupied  by  hard  or  impure  shale  that  is  unsuita- 
ble for  quarrying,  but  these  are  only  patches.  Material  of  an  espe- 
cially good  quality  is  exposed  in  large  amounts  on  the  southwestern 
flanks  of  the  ridge  running  southeastward  from  Schumann  toward 
Divide.  The  beds  in  general  are  only  gently  upturned  and  have  a 
thickness  amounting  to  many  hundred  feet. 

On  the  northeast  side  of  Schumann  Canyon  the  deposits  above 
mentioned  have  their  continuation.  In  the  low  hills  just  north  of 
Casmalia  diatomaceous  shale  of  rather  poor  quality  occurs,  but 
beginning  at  Schumann  and  nmning  northwestward  is  a  belt  of 
excellent  earth  on  the  southwest  side  of  the  high  ridge  bordering  the 
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Santa  Maria  Valley.  The  quality  is  especially  good  2  miles  north- 
west of  Scluauann,  on  the  south  side  of  this  ridge.  This  deposit  is 
at  the  summit  of  the  Monterey  formation,  and  just  above  it  on  the 
ridge  the  overl}dng  Fernando  beds  have  a  similar  diatomaceous  char- 
acter, although  of  less  purity.  The  total  area  of  fine  diatomaceous 
material  in  this  region  would  not  exceed  2  square  miles. 

REGION    OF   THE    SANTA    MARIA    OIL   FIELD. 

Somethmg  over  1  scjuare  of  mile  of  Monterey  diatomaceous  shale 
is  exposed  in  the  region  of  the  Santa  Maria  oil  field  southeast  of  Orcutt. 
These  deposits  were  all  covered  at  a  not  very  remote  period  of  geologic 
time  by  Fernando  or  later  sediments  which  have  been  removed  by 
erosion  in  the  canyons,  exposing  the  shale  beneath.  The  beds  are 
considerably  tilted  and  jointed  over  most  of  the  area,  but  in  the  region 
of  the  Pinal  wells  west  of  Pine  Canyon  deposits  of  fairly  pure  material 
of  considerable  thickness  are  exposed  in  the  road  cuts. 

CANADA   DEL   GATO   AND   SISQUOC   AREA. 

Diatomaceous  shale  is  found  in  the  Fernando  formation  (of  upper 
Miocene  age  in  this  part  of  the  formation)  in  the  region  between  the 
head  of  Howard  Canyon  and  a  point  on  the  plateau  south  of  Foxen 
Canyon  about  2  miles  southeast  of  Sisquoc  post-office.  The  area  over 
which  the  diatomaceous  shale  is  exposed  is  about  5  miles  long,  with 
an  average  width  of  about  IJ  miles,  thus  comprising  7h  square  miles. 
The  deposits  vary  in  thickness  from  60  to  about  300  feet,  and  over  a 
considerable  portion  of  the  territory  lie  almost  horizontal.  Along  the 
southern  border  of  the  area  the  beds  dip  at  angles  as  high  as  35?.  The 
material  in  this  area  is  not  so  pure  as  the  diatom  shale  found  in  the 
Monterey  (middle  Miocene),  a  fact  that,  coupled  with  its  remoteness 
from  the  railroad,  renders  it  unlikely  that  this  deposit  will  be  of  eco- 
nomic importance  for  a  long  time,  at  best. 

MOUNTAINS    NORTHEAST   OF   THE    SANTA    MARIA   VALLEY. 

Soft,  flaky  diatomaceous  shale  occurs  on  Tepusquet  Creek  about  2 
miles  up  from  the  Santa  Maria  Valley.  Soft  white  shale  is  also  found 
near  the  head  of  Rattlesnake  Canyon  about  2  miles  south  of  Tepusquet 
Peak,  and  again  south  of  Labrea  Creek  2  miles  northeast  of  its  junction 
with  Sisquoc  liiver.  But  this  shale  is  of  inferior  quality  to  that  at 
previously  menticmed  ])laces,  nor  is  it  comparable  in  thickness  or 
extent.  The  major  portion  of  these  mountains  is  composed  of  strata 
older  than  the  uj)per  j^art  of  the  Monterey  formation — than  that  part, 
in  other  w(jrds,  in  which  the  soft  shale  occurs  most  abundantly. 
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SAN    LUIS    QUADRANGLE. 

Diatomaceous  deposits  occur  in  the  Monterey,  Pismo,  and  Santa 
Margarita  formations  (the  last  two  the  equivalent  of  the  lower  Fer- 
nando in  the  Lompoc  quadrangle)  in  the  San  Luis  quadrangle," 
immediately  north  of  the  Guadalupe  quadrangle.  The  principal 
localities,  according  to  Fairbanks,  are  on  the  mountains  back  of 
Pismo,  in  the  region  of  Arroyo  Grande,  and  along  the  hills  bordering 
the  south  side  of  the  San  Luis  Valley.  Another  bed  of  considerable 
thickness  occurs  on  the  slope  of  the  San  Luis  Range  south  of  Morro 
Bay,  and  similar  deposits  appear  at  various  points  along  Salinas  Val- 
ley, extending  as  far  up  as  Rinconada  Valley.  These  diatomaceous 
deposits  are  white  and  of  chalky  texture,  as  at  the  typical  localities 
in  the  Lompoc  quadrangle. 

PHYSICAL   AND    CHEMICAL   PROPERTIES 

Diatomaceous  earth  when  pure  is  white  or  gray  in  color,  light  in 
weight,  and  easily  pulverized  to  a  fine  powder.  Owing  to  the  angular 
nature  and  hardness  of  its  component  particles  it  has  valuable  abra- 
sive properties.  It  also  has  great  absorptive  powers,  but  is  very 
resistant  to  weathering.  Chemically  it  is  composed  essentially  of 
opaline  or  colloidal  silica  and  water,  in  general  associated  with  minor 
quantities  of  alumina,  iron  oxide,  lime,  and  magnesia  as  impurities. 
Diatomaceous  earth  is  not  soluble  in  acids  \mder  ordinary  conditions, 
but  is  easily  dissolved  in  the  stronger  alkalies.  As  chalk,  with  which 
diatomaceous  earth  is  sometimes  confused,  is  soluble  in  acid,  the  two 
may  be  distinguished  by  the  acid  test. 

The  following  table  gives  3  analyses  of  samples  of  the  shale  (slightly 
hardened  diatomaceous  earth)  from  the  Lompoc  quadrangle,  together 
with  analyses  of  similar  diatomaceous  material  from  other  localities: 


Analyses  of  diatomaceous  earths  or  shales. 

1. 

2. 

3. 

4. 

5. 

6. 

8a  53 

5.89 

1.03 

.35 

7. 

8. 

81.53 
3.43 
3.34 
2.61 

9. 

Silica  (SiOi) *. 

65.62 

8a  92 
427 

72.50 

11.71 

2.35 

.32 

.83 

1.88 

9.54 

8a  89 
2.32 
1.28 
0.43 
Trace. 
3.68 
489 

8a  90 
409 
1.26 
.14 
.51 
1.18 
5.99 

8a  66 
3.84 

.58' 

8415 

AlnmiTift  (AJjO,)     

1.40 

Iron  oxide  (FetOg) 

.70 

Lime  (CaO) 

1.60 

Trace. 

2.48 

5.13 

1.75 

Magnesia  (MgO) 

1.10 

Alkalies  (KiO+NaiO) 

2.59 
a  04 

Waier  (diO) .' 

11.00 

12.03 

14.04 

ia40 

10a40 

99.13 

99.39 

100.07 

99.83 

99.12 

99.54 

99.50 

1.  Soft  shale,  Harris,  Santa  Barbara  County,  Cal.    Analyst,  W.  T.  Schaller,  1907. 

2.  Porcelain  diatomaceous  shale.  Point  Sal,  Santa  Barbara  County,  Cal.    Fairbanks,  H.  W.,  Bull. 
Dept.  Geol.,  Univ.  California,  vol.  2, 1896,  p.  12.    Specific  gravity  2.12. 

3.  Soft  shale,  Orcutt,  Santa  Barbara  County,  Cal.    Analyst,  W.  T.  Schaller,  1907. 

4.  Monterey,  Monterey  County,  Cal.    Lawson,  A.  C,  and  Posada,  J. de  la C,  Bull.  Dept.  Geol.,  Univ. 
Califomia.  vol.  1,  p.  25.    Specific  gravity  1.8-2.1. 

6.  Fossil^HiU,  Nevada.    BuU.  Califomia  State  Mhi.  Bur.  No.  38, 1906,  p.  28. 

6.  Lake  Umbagog,  New  Hampshire.    7.  Morris  County,  New  Jersey.    8.  Popes  Creek,  Maryland. 
Merrill,  G.  P.,  Rept.  U.  S.  Nat.  Mus.  for  1899,  p.  220. 
9.  Hanover,  Germany.    Bull.  Califomia  State  Min.  Bur.  No.  38, 1906,  p.  28. 


a  Geologic  Atlas  U.  S.,  San  Luis  folio,  No.  101,  U.  S.  Geol.  Survey,  1904,  p.  14  and  economic  geology 


sheet. 
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USES. 

The  uses  to  wnicn  infusorial  earth  can  be  put  are  constantly  being 
found  to  be  more  numerous,  and  the  methods  for  its  application  are 
developing.  Formerly  it  was  employed  solely  for  abrasive  purposes, 
and  this  use  has  been  extended  in  the  manufacture  of  polishing  pow- 
ders, scouring  soaps,  etc.  But  its  principal  uses  are  now  others. 
It  is  of  value  in  the  manufacture  of  dynamite  from  nitroglycerine, 
owing  to  its  porosity,  which  makes  it  a  good  absorbent.  Being  a 
poor  conductor  of  heat  and  very  light,  it  is  valuable  for  use  in  the 
manufacture  of  packing  for  safes,  steam  pipes,  and  boilers  and  of 
fireproof  building  materials  such  as  hollow  bricks  for  partition  walls, 
floors,  etc.,  solid  bricks,  furnace  bricks,  and  tiles;  also  as  a  base  in 
the  manufacture  of  cements  suitable  for  withstanding  fire  and  heat. 
On  account  of  its  porous  yet  compact  character  it  makes  a  good 
filtering  substance,  and  is  so  used  commercially.  This  use  is  facili- 
tated when  the  tripoli  can  be  obtained  in  compact  blocks  of  the 
required  size.  The  California  product  is  very  easily  cut  into  any 
shape  desired.  Tripoli  powder  is  also  used  in  the  manufacture  of 
plaster.  Some  of  the  earth  from  the  Lompoc  region,  it  is  said,  is 
sent  to  a  large  neighboring  refinery  for  use  in  the  refining  of  beet 
sugar.  An  interesting  use  to  which  the  raw  material  is  put  in  the 
Lompoc  region  and  also  at  Monterey,  farther  north  on  the  California 
coast,  is  in  the  construction  of  buildings.  The  shale  is  easily  quar- 
ried into  smooth  blocks,  which,  owing  to  their  light  weight,  can  be 
readily  placed  in  position.  A  number  of  buildings  have  been  very 
successfully  constructed  in  this  way.  The  shale  blocks  are  compact 
and  yet  elastic  under  changes  of  temperature,  seem  to  possess  suffi- 
cient strength,  and  owing  to  the  siliceous  composition  of  the  material 
are  very  resistant  to  weathering.  Such  building  material  would  be 
finely  adapted  to  regions  subject  to  earthquakes,  owing  to  the  prob- 
able lesser  effects  of  shocks  on  so  light  a  substance  and  the  smaller 
amount  of  damage  that  would  result  from  falling  materials. 

PRODUCTION  IN  THE  UNITED  STATES. 

Infusorial  deposits  occur  in  many  States.  Those  producing  it  for 
economic  use  in  1903  were,  in  the  order  of  importance,  together  with 
the  number  of  concerns  engaged  in  its  exploitation,  Missouri  (3  pro- 
ducers), Virginia  (2),  New  York  (2),  California  (3),  Maryland  (1), 
Georgia  (1),  Massachusetts  (1),  New  Hampshire  (1),  Florida  (1).  In 
1904  the  order  changed  somewhat,  as  follows:  Missouri  (2  producers), 
Maryland  (1),  California  (2),  Virginia  (1),  Florida  (1),  New  Hamp- 
shire (1),  New  York  (1),  Massachusetts  (1),  and  Georgia  (1).  The 
amount  and  quality  of  the  material  in  California  warrants  the  proph- 
ecy that  it  will  lead  in  the  production  before  long  and  supply  enough 
to  make  it  unnecessary  to  import  any  such  products  from  abroad. 
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The  following  table  is  taken  from  the  Mineral  Resources  of  the 
Unite<l  ^States  for  1905,  published  by  the  United  States  Geological 

Survey : 
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COMPARISON  WITH  OCCURRENCES  ELSEWHERE. 

Infusorial  earth  occurs  at  widely  separated  points  in  other  parts  of 
the  world.  One  of  the  largest  and  commercially  best  developed 
deposits  is  in  northern  Germany,  where  there  are  beds  of  this  mate- 
rial varying  from  20  to  50  feet  in  thickness  from  which  the  earth  ia 
quarried  extensively,  dried  and  prepared  for  market,  and  shippe<l  to 
all  parts  of  the  world.  There  is  a  fampus  deposit  at  Richmond,  Va., 
but  considerable  clayey  material  is  mixed  in  witli  the  «Ieposit  of 
diatoms,  the  analysis  showing  70  per  cent  of  silica,  a  considerable 
quantity  of  alumina,  and  some  iron  oxide.  The  bed  attains  a  thick- 
ness of  40  feet  in  places  and  extends  many  miles.  Other  deposits 
over  30  feet  thick  occur  at  Bilin,  Bohemia,  and  in  Aberdeenshire, 
England.  It  can  be  readily  seen  that  the  quantity  of  infusorial 
earth  at  these  places  can  not  compare  with  the  vast  amount  to  be 
found  in  California. 

IMPORTS. 

Some  infusorial  earth  is  imported  into  the  United  States  every  year, 
being  classed  with  the  so-called  rotten  stone  widely  used  in  the  manu- 
facture of  polishing  substances.  In  past  years  the  value  of  the 
imports  of  tripoli  and  rotten  atone  has  approximated  closely  the  value 
of  the  tripoli  produced  in  this  country,  but  the  amount  of  the  imports 
is  declining  with  the  increase  in  home  production.  The  value  of  the 
imports  in  1902  was  $39,926;  in  1903,  S34,977;  in  1904,  $23,022,  and 
in  1905,  $18,986,  as  given  in  the  Mineral  Resources  reports  of  the 
United  States  Geological  Survey. 


SURVEY  PUBLICATIONS  ON  ABRASIVE 

MATERIALS. 

The  following  list  includes  a  number  of  papers,  published  by  the 
United  States  Geological  Survey  or  by  members  of  its  staff,  dealing 
with  various  abrasive  materials : 

Ch ATARI),  T.  M.  Corundum  and  emery.  In  Mineral  ResouroeB  U.  8.  for  18811-84, 
pp.  714-720.     1885. 

Eckel,  E.  C.  •The  emc^ry  deposits  oi  AVestchester  County,  .\.  Y.  In  Mineral 
Industry,  vol.  9,  pp.  15-17.     1901. 

Fuller,  M.  L.     Crushed  (£uartz  and  its  source.     In  Stone,  vol.  18,  ])p.  1-4.     1898. 

Hidden,  W.  E.  The  discovery  of  emeralds  and  hiddenite  in  North  Carolina.  In 
Mineral  Resoun^es  U.  S.  for  1882,  pp.  500-508.     1888. 

Holmes,  J.  A.  Corundum  deposits  of  the  scnithern  Appalachian  region.  In  Sev- 
enteenth Ann.  Kept.,  pt.  8,  pp.  935-943.     1896. 

Jenks,  C.  N.  The  manufacture  and  use  of  corundum.  In  Seventeenth  Ann. 
Kept.,  pt.  8,  pp.  943-947.     1890. 

Parker,  E.  W.  Abrasive  materials.  In  Nineteenth  Ann.  Ilept..  ])t.  0,  pp. 
515-533.     1898. 

Pratt,  J.  H.  The  occurrence  and  distributicm  of  corundum  in  the  United  States. 
Bulletin  No.  180.     98  pp.     1901. 

Corundum  and  its  o(^currence  and  distribution  in  the  United  States.  Bul- 
letin No.  2()9.     175  pp.     1905. 

RaborcT,  W.  a.  Buhrstones.  In  Mineral  Resources  U.  S.  for  188G,  pp.  581-582. 
1887. 

— Grindstones.     In  Mineral  Resources  U.  S.  for  1886,  pp.  582-585.     1887. 

(\)rundum.     In  Mineral  Resources  U.  S.  for  1886,  pp.  585-586.     1887. 

Read,  M.  C.     Berea  grit.     In  Mineral  Resources  U.  S.  for  1882,  pp.  478-479.     1883. 

Turner,  (J.  M.  Novaculite.  In  Mineral  Resources  U.  S.  for  1885,  pp.  433-436. 
1880. 

Novaculites  and  other  whetstones.     In  Mineral  Resources  U.  S.  for  1886, 

pp.  589-594.     1887. 

WooLSEY,  L.  H.  Volcanic  ash  near  Durango,  Colo.  In  Bulletin  No.  285,  pp. 
476-479.     1906. 

448 


PHOSPHATES  AND  PHOSPHORUS. 


PHOSPHATE   DEPOSITS    IN   WESTERN    UNITED 

STATES. 


By  F.  B.  Weeks  and  W.  F.  Ferrier. 


INTRODUCTION. 

The  present  paper  has  been  prepared  as  the  result  of  ten  days'  field 
work  by  Mr.  Weeks  in  October,  1906,  and  of  previous  reconnaissance 
surveys  by  Mr.  Ferrier  made  to  determine  the  distribution  of  the 
phosphate  series,  and  of  observations  made  by  him  in  estabUshing 
and  developing  the  mining  operations  at  Montpelier,  Idaho. 

It  has  been  thought  advisable  to  bring  together  in  this  paper  such 
general  information  relating  to  the  phosphate  deposits  in  the  West  as 
is  now  available,  describing  in  some  detail  the  localities  where  these 
deposits  have  been  most  extensively  opened  up  and  mined  and  which 
may  serve  as  a  general  type,  leaving  for  another  occasion  the  more 
minute  description  of  their  various  local  characteristics  and  points  of 
difference  in  geologic  structure. 

The  discovery  of  these  beds  has  opened  up  a  new  industry  in  the 
West,  the  future  of  which  is  largely  dependent  on  the  granting  of 
such  rates  by  the  railroads  as  will  enable  the  manufactured  product 
or  raw  material  to  be  sold  at  a  profit  in  Australia,  Honolulu,  Japan, 
and  the  Middle  States,  the  home  market  on  the  Pacific  coast  being  at 
present  a  somewhat  limited  one. 

GENERAL  DESCRIPTION. 

Within  the  last  few  years  it  has  been  found  that  the  upper  Car- 
boniferous rocks  of  the  central  Cordilleran  region  include  a  series  of 
oolitic  beds  containing  a  variable  percentage  of  P2O5.  These  beds 
are  known  to  occur  over  a  considerable  area  in  southeastern  Idaho, 
southwestern  Wyoming,  and  northeastern  Utah.  Prospecting  has 
been  carried  on  at  a  number  of  widely  separated  localities.  The 
strike  of  the  beds  follows  the  general  northwest-southeast  trend  of  the 
ranges  along  which  they  outcrop. 
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In  Idaho  the  beds  outcrop  along  the  Preuss  Range,  extending  from 
the  line  of  Bannock  and  Bear  Lake  counties  in  a  southeasterly  direc- 
tion along  its  west  face.  A  probable  southern  extension  of  these  beds 
near  the  Idaho-Utah  line  is  found  on  the  mountain  slopes  east  of  Bear 
Lake,  where  the  overlap  of  upper  Mesozoic  sediments  has  been  eroded. 
East  of  the  Preuss  Range,  in  the  Sublette  Range  in  Wyoming,  are 
similar  beds  which  follow  the  southerly  trend  of  this  range  to  Smiths 
Fork. 

The  mountains  rise  1,500  to  3,000  feet  above  the  intervening  valleys 
and  the  region  is  drained  by  Bear  River  and  its  tributaries.  The 
Oregon  Short  Line  Railroad  follows  the  valley  of  Bear  River  and 
affords  the  only  means  of  transportation  to  market.  At  present  those 
beds  which  can  be  developed  at  the  least  cost  and  lie  nearest  the  rail- 
road shipping  points  are  being  worked.  In  Utah  the  phosphate  series 
has  been  found  some  distance  south  of  Bear  Lake,  in  the  vicinity  of 
Woodruff.  The  beds  also  outcrop  in  Weber  Canyon,  about  IJ  miles 
below  Croydon,  and  in  some  of  the  side  canyons.  None  of  these  beds 
are  being  worked  at  present.  The  Union  Pacific  Railroad,  which  fol- 
lows the  course  of  Weber  River,  will  make  possible  a  rapid  develop- 
ment in  this  region. 

Beds  of  good  grade,  but  too  thin  to  be  profitably  worked,  have  been 
observed  at  other  points  in  these  States  and  also  in  Nevada.  It  is 
highly  probable  that  further  exploration  will  show  that  these  oolitic 
phosphate  beds  have  a  still  wider  distribution. 

Many  substances  have  been  mistaken  for  the  phosphate  and  located, 
notably  some  of  the  fine-grained,  loosely  bedded,  dark-gray  ash  rocks 
commonly  associated  with  the  lavas  of  southeastern  Idaho  and  other 
places.  These  ash  rocks  are  as  a  rule  much  lighter  in  weight  than  the 
phosphate. 

The  accompanying  map  (PL  IV)  shows  the  areas  of  upper  Carbonif- 
erous rocks,  of  which  the  phosphate  series  forms  a  part,  and  of  the 
overlying  and  underlying  strata  of  this  region ;  also  the  location  of  the 
deposits  of  economic  value.  Others  have  been  reported,  but  no  data 
are  available  for  this  paper. 

GENERAL   GEOLOGY. 

The  general  character  and  sequence  of  the  sedimentary  strata  of  this 
region  are  given  in  the  following  section: 

Section  of  Paleozoic  strata  in  southeastern  Idaho  j  southwestern  Wyoming,  and  northeastern 

Utah. 
Carboniferous: 

Mostly  light-colored  limestones;  phosphate  beds  near  base. 

Series  of  red,  white,  and  green  quartzites  and  sandstones. 

Massive  blue  and  gray  limestones. 
Devonian: 

Limestone,  where  present. 
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Silurian: 

Thin-bedded  limestone,  where  present. 
Ordovician : 

White  and  green  quartzites. 

Light-colored,  generally  thick-bedded  limestone. 
Cambrian : 

Thin-bedded  blue  and  gray  limestone. 

Quartzites,  mainly  white  in  some  areas,  purple  in  others.  ^ 

In  portions  of  the  area  some  parts  of  this  section  are  absent  by  rea- 
son of  nondeposition. 

Three  quartzite  series  are  thus  shown  to  be  present  in  parts  of  this 
region.  Since  the  phosphate  series  occurs  a  short  distance  above  one 
of  these  quartzites,  it  is  important  that  the  prospector  be  able  to  recog- 
nize its  occurrence  in  the  field.  This  can  be  done  in  one  of  two  ways. 
If  a  person  is  f amihar  with  the  general  characters  of  the  upper  Carbon- 
iferous fossils,  he  can  readily  recognize  this  part  of  the  section  as  the 
limestones,  especially  those  occurring  in  and  overlying  the  phosphate 
beds  are  very  fossiliferous  and  the  fossils  are  well  preserved.  If  this 
method  is  not  practicable,  he  can  start  from  a  known  base  and  work 
out  for  himself  the  sequence  of  the  various  beds.  The  maps  of  the 
Fortieth  Parallel  Survey  and  of  the  Hayden  Survey  cover  parts  of  the 
known  area  and  would  be  useful  in  selecting  a  starting  point  from 
which  to  make  a  detailed  section.  Owing  to  the  intense  folding  and 
compression  which  the  beds  have  undergone  in  some  localities  and 
their  probable  repetition  by  faulting,  the  latter  method  may  be  found 
difficult  to  follow. 

The  whole  of  this  section  is  known  to  occur  in  Weber  Canyon  and  to 
the  north  in  Utah  and  Idaho.  To  the  south  of  the  Weber,  in  the 
Wasatch  Range,  the  Cambrian  limestones,  the  Ordovician  quartzite, 
and  the  Silurian  and  Devonian  limestones  become  thinner  and  in  some 
places  appear  to  be  entirely  wanting. 

CARBONIFEROUS    SYSTEM. 
GENERAL  DESCRIPTION. 

As  the  phosphate  series  occurs  within  the  Carboniferous  rocks,  a 
more  detailed  description  of  these  strata  will  be  given.  They  outcrop 
over  considerable  areas  in  eastern,  central,  western,  ^nd  northern 
Utah,  southeastern  Idaho,  and  adjoining  portions  of  Wyoming,  and 
in  northern  Nevada.  Their  lithologic  characters  are  very  persistent, 
and  the  three  subdivisions  may  be  recognized  in  the  above-defined 
area. 

The  limestones  which  form  the  lower  division  are  generally  massive 
and  occur  in  bold  and  precipitous  outcrops.  In  many  places  they  are 
coarse  grained  and  weather  rough  and  iq  dark  colors.  They  are  also 
rather  siliceous  and  contain  some  cherty  layers  and  masses.  This 
division  is  2,000  feet  or  more  in  thickness. 
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At  the  top  of  the  limestones  the  beds  become  sandy  and  the  quartzite 
series  generally  begins  with  an  alternation  of  sandy  limestones  and 
sandstone  beds,  and  continues  through  several  hundred  feet  of  sand- 
stone weathering  red  and  yellow.  These  are  succeeded  by  yellow, 
white,  and  gray  sandstones  and  quartzites,  the  upper  half  of  the 
series  being  quartzite,  readily  recognizable  as  such. 

This  quartzite  in  most  places  grades  into  a  dark,  rather  coarse 
granular  limestone^ — the  Upper  Coal  Measures  limestone  of  the  For- 
tieth Parallel  Survey.  The  upper  part  of  this  formation  consists  of 
yellow  sandstone  and  sandy  limestones  which  grade  into  a  blue-gray 
compact  limestone  just  beneath  the  phosphate  beds.  In  these  blue 
and  gray  limestones  indistinct  fossils  weather  out  on  the  surface, 
but  are  difficult  of  determination.  This  portion  of  the  section  varies 
considerably  in  the  character  of  sediments. 

PHOSPHATE-BEARING   SERIES. 

The  phosphate  series  consists  of  alternating  layers  of  black  or 
brown  phosphatic  material,  shale,  and  hard  blue  or  gray  compact 
limestones.  The  limestones  are  in  the  main  very  fossiliferous,  con- 
taining well-preserved  forms  of  RJiynchoneUa,  Chonetes,  Omphalo- 
trochuSj  and  ProductuSj  which  are  apparently  the  characteristic  fos- 
sils of  this  horizon.     The  shales  contain  Lingula  and  lamellibranchs. 

The  phosphate  series  is  in  places  about  90  feet  thick.  The  beds 
vary  in  thickness  from  a  few  inches  to  about  10  feet,  but  where  of 
this  extreme  width  are  in  general  broken  by  thin  layers  of  shaly 
material  poorer  in  PjOg.  At  the  base  the  series  begins  with  lime- 
stone, and  as  a  rule  6  to  8  inches  of  soft  brown  shale  overlies  this 
basal  limestone.  Above  is  the  main  phosphate  bed,  5  to  6  feet 
thick.  This  is  almost  entirely  oolitic  in  structure  and  high  in  PgOg. 
Several  other  beds,  varying  in  thickness  from  a  few  inches  to  about 
10  feet,  separated  by  6  inches  to  2  feet  of  limestone  or  shale,  occur 
in  the  series.  The  beds  of  extreme  thickness,  as  already  mentioned, 
contain  seams  of  shaly  material,  itself  phosphatic,  too  thin  to  be 
separated  from  the  pure  oolitic  material  in  mining.  All  the  sections 
that  have  been  examined  show  one  and  some  of  them  two  beds 
which  are  of  commercial  value.  The  other  beds  are  not  of  sufficient 
thickness,  nor  of  a  grade  which  will  pay  to  mine  at  present. 

The  phosphate  series  is  overlain  by  a  coarse-grained,  locally  brec- 
ciated  limestone,  for  the  most  part  in  massive  outcrops.  Above  this 
limestone  is  sometimes  found  100  feet  or  more  of  nearly  white  lime- 
stone, but  as  a  rule  it  is  succeeded  by  a  series  of  blue  and  gray  lime- 
stones containing  large  spirifers  and  Productus.  Next  above  is  a 
series  of  red  sandstones  and  shales  containing  brachiopods  and  lamel- 
libranchs. Still  higher  in  the  section  is  a  considerable  thickness  of 
blue,  gray,  and  greenish  limestones,  which  form  the  upper  part  of 
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the  upper  Carboniferous  series,  and  in  the  Montpelier  region  there 
are  siliceous  limestones  and  red  sandstones  containing  ammonites 
and  other  fossils  of  lower  Triassic  age. 

GEOLOGIC  STRUCTURE. 

The  geologic  structure  of  the  region  under  discussion  is  very  com- 
plex. The  strata  have  been  uplifted,  sharply  folded  and  faulted, 
and  partially  buried  beneath  the  overlap  of  later  sediments.  It  has 
been  noted,  however,  that  the  phosphate  series  has  been  very  little 
disturbed  or  displaced  by  the  movements  which  have  affected  the 
sedimentary  section  as  a  whole. 

WASATCH   RANGE. 

« 

In  Weber  Canyon,  where  the  phosphate  series  occurs,  there  is  in 
the  underlying  Weber  quartzite  a  sharp  anticlinal  fold  that  develops 
into  a  thrust  fault.  This  structure  is  not  readily  detected  on  account 
of  the  heavy  wash  and  the  overlap  of  later  sediments. 

BEAR   LAKE   PLATEAU. 

The  Bear  Lake  Plateau  comprises  the  region  east  of  Bear  Lake 
and  the  area  to  the  south  represented  on  the  maps  of  the  Fortieth 
Parallel  Survey  as  Bear  River  Plateau.  It  also  represents  the  east- 
em  side  of  the  Wasatch  uplift.  The  sharply  compressed  fold  of  the 
Weber  Canyon  section  appears  to  extend  through  this  area,  as  the 
Carboniferous  beds  where  exposed  are  in  general  characterized  by 
steep  dips  and  local  variations  in  strike.  A  similiar  structure  is 
reported  east  of  the  north  end  of  Bear  Lake. 

CRAWFORD   MOUNTAINS. 

The  Crawford  Range  extends  from  Bridger  Creek  in  a  southwest- 
erly direction,  with  outliers  to  the  north,  including  the  Beckwith 
Hills  north  of  Twin  Creek.  Veatch  "  considers  the  structure  as  a 
broken  anticline  with  a  syncline  developed  on  the  eastern  slope.  A 
fault  of  considerable  displacement  follows  the  eastern  side  of  the 
range  and  probably  extends  to  the  north  in  the  Sublette  Range  east 
of  Cokeville. 

SUBLETTE   RANGE . 

The  Sublette  Range  is  formed  of  a  sharply  compressed  series  of 
Weber  quartzites  and  upper  Carboniferous  beds.  On  the  eastern 
side  of  the  range  a  fault  of  considerable  throw  occurs,  bringing  the 
Bear  River  Cretaceous  beds  against  the  upper  Carboniferous.  In  the 
northern  part  of  the  range  the  dip  flattens  and  the  topography  is 
much  less  rugged  in  character. 

a  Veatch,  A.  C„  Prof.  Paper  U.  S.  Geol.  Siirvc^y  No.  .%,  19()7. 
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PREUSS   RANGE. 

The  Preuss  Range  extends  from  Bear  Lake  northward  along  the 
east  side  of  Bear  River  Valley  beyond  the  limits  of  the  area  shown  on 
the  map  (PI.  IV).  Only  the  southern  part  of  this  range  was  visited. 
Here  the  general  structure  seems  to  be  that  of  a  broken  anticline. 
The  western  side  of  the  fold  is  made  up  of  the  phosphate  series  and  the 
higher  strata  of  the  ^^Permo-Carboniferous^'  and  overlying  Triassic 
beds.  The  eastern  side  of  the  fold  is  probably  formed  of  the  same 
series,  though  not  so  well  exposed,  and  of  overlying  Jurassic  shales, 
thin-bedded  limestones,  and  sandstones,  as  shown  by  fossils  from  two 
localities. 

DESCRIPTION    OF   VARIOUS    LOCALITIES. 

In  that  part  of  the  Wasatch  Range  which  lies  east  and  south  of 
Salt  Lake  City  the  phosphate  series,  so  far  as  it  has  come  under  the 
writers'  observation^  does  not  attain  the  thickness  seen  at  other 
localities,  and  the  phosphate  beds  are  too  thin  to  be  of  economic 
importance. 

WEBER   CANYON,    UTAH. 

The  Paleozoic  section  from  the  Cambrian  quartzite  to  the  top  of  the 
Carboniferous  is  exposed  in  Weber  Canyon  from  Peterson,  a  station 
on  the  Union  Pacific  Railroad,  to  Croydon.  From  the  lower  tunnel 
to  the  upper  tunnel  between  Morgan  and  Croydon  the  Weber  quartz- 
ite is  exposed.  A  short  distance  above  the  lower  tunnel  there  is  a 
sharp  anticline  in  this  series,  somewhat  broken.  The  canyon  follows 
the  trend  of  this  anticline  for  about  half  a  mile,  and  the  red,  yellow, 
and  white  quartzites  form  bold  escarpments  on  both  sides  of  the  river. 
The  quartzites  grade  into  coarse  sandy  beds,  weathering  in  rounded 
cliffs,  and  into  thin-bedded  cherty  limestones.  Near  Robinson^ s 
ranch  the  beds  are  nearly  perpendicular,  and  the  fold  appears  to  have 
become  a  thrust  fault.  The  phosphate  beds,  which  seem  to  have 
been  involved  in  this  thrust  movement,  appear  in  canyons  several 
miles  farther  north,  but  at  a  considerable  distance  west  of  the  line  of 
strike  of  these  beds  on  the  south  side  of  the  canyon.  About  one- 
fourth  mile  below  Robinson's  house  the  phosphate  series  has  been 
exposed  on  the  south  side  of  the  canyon  in  a  number  of  test  pits. 

The  following  section  is  exposed  on  the  south  side  of  the  river: 

Section  of  phosphate  series  in  Weber  Canyon,  Utah. 

1.  Blue-gray  limestone. 

2.  I^hosphate  bed. 

3.  WTiite  and  gray  limestone  with  many  Imnds  of  phosphate  varying  in  thickness. 

4.  Light-blue  and  gray  limestones,  siliceous  and  cherty;  yellow  calcareous  and  sili- 

ceous beds;  and  white  limestone. 
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The  detailed  structure  and  sequence  of  the  phosphate  series  here 
has  not  yet  been  fully  worked  out.  Heavy  wash  covers  the  base  of 
the  hills,  extending  a  considerable  distance  up  their  flanks,  to  a  point 
where  the  phosphate  beds  have  been  opened  not  far  above  the  basal 
limestone. 

Some  of  the  beds  contain  flattened  nodules  of  a  white,  extremely 
fetid  calcite,  many  of  them  of  large  size.  These  have  also  been 
observed  at  other  localities,  in  beds  above  the  main  phosphate  bed. 

The  dip  of  the  strata  in  the  above  section  is  steep,  varying  from  45° 
to  60°  to  the  east,  with  an  average  strike  of  N.  10°  W.  On  the  north 
side  of  Weber  Canyon  the  beds  are  closely  folded  and  there  appears 
to  be  an  overthrust  by  which  the  outcrop  of  these  rocks  bends  some- 
what to  the  west. 

The  phosphate  series  has  been  traced  for  some  distance  on  both 
sides  of  the  canyon  by  means  of  test  pits  and  outcrops,  but  no  exten- 
sive developments  have  been  made. 

The  following  is  a  section  in  Tunnel  Hollow,  1  mile  south  of  the  sec- 
tion just  given: 

Section  in  Tunnel  Hollow. 

1.  Blue-gray  limestone. 

2.  Phosphate  and  interbedded  limestone. 

3.  Alternating  bands  of  shale  and  phosphate. 

4.  Blue  limestone,  yellow  sandy  beds,  and  gray  limestones,  containing  spirifers, 

Productus,  Bryozoa,  etc. 

5.  Red  shales  and  sandstones. 

WOODRUFF,  UTAH. 

The  phosphate  series  at  Woodruff,  Utah,  is  largely  concealed  by 
heavy  wash,  and  sufficient  work  has  not  yet  been  done  to  permit  the 
making  of  a  detailed  section.  The  phosphate  beds  are  exposed  along 
Twelvemile,  or  Woodruff,  Creek  and  Sugar  Pine  Creek,  about  12  miles 
west  of  Woodruff.  The  best  bed  immediately  overlies  the  basal 
limestone  and  averages  about  5  feet  in  thickness.  There  is  a  series 
of  smaller  beds  separated  by  limestone  and  shale,  as  observed  at  the 
other  localities.  The  upper  limestone,  with  characteristic  large 
spirifers  and  Productus^  is  also  present.  Sandstone  and  quartzite, 
standing  nearly  vertical  in  places,  crown  the  ridge  on  the  west  side  of 
Twelvemile  Creek  toward  the  south  end  of  the  outcrop  and  also  occur 
on  Sugar  Pine  Creek.  A  careful  determination  of  the  fossils  and  com- 
parison with  those  at  Montpelier,  Croydon,  and  other  places  is  being 
made  and  the  results  will  be  given  in  a  later  paper.  The  strike  of  the 
beds  varies  locally,  but  a  rough  average  would  be  about  N.  15°  E.; 
the  dip  is  to  the  west  at  various  angles,  ranging  from  nearly  horizontal 
to  60°. 
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SAOE,  WTO. 

The  phosphate  beds  are  seen  again  near  Sage,  Wyo.,  a  station  on 
the  Oregon  Short  Line  Railroad,  about  24  miles  northeast  of  Wood- 
ruff. The  outcrop  extends  in  a  southerly  direction  a  few  miles  to 
the  southwest  of  the  railroad.  Some  shipments  have  recently  been 
made  from  Sage  to  the  Pacific  coast  and  work  is  now  going  on. 

COKBVILLE,  WYO. 

The  Sublette  Range  extends  along  the  eastern  side  of  the  Bear 
River  valley  in  this  r^ion.  A  bold  escarpment  of  Carboniferous 
strata  which  has  been  cut  through  by  Smiths  Fork,  faces  the  valley 
opposite  CokeviUe  Wjo  The  section  as  exposed  on  thenorth  side 
of  Smiths  Fork  IS  shiwn  m  fig   18 

The  quartzite  beds  are  m  \ertical  position  with  a  tendency  to 
overturn  to  the  west      In  the  lower  part  of  the  upper  Carboniferous 


of  Smiths  Fort.  1,  Wei 
Pemio-CarbonlteroHB"  llr 
atones;  X.  Inssil  locslittfia. 


aeries  the  beds  dip  65°  E.  for  some  distance,  beyond  which  they  stand 
nearly  vertical.  A  fault  occurs  by  which  the  Bear  River  (Creta- 
ceous) is  brought  against  the  "Permo-Carboniferous,"  cutting  out 
the  Triassic  and  Juraasic,  which  according  to  Veatch"  have  together 
an  average  thi-cknesa  of  5,500  feet  in  the  region  to  the  east.  The 
strike  of  the  beds  follows  the  general  trend  of  the  range. 

About  2  miles  northeast  of  Cokeville,  on  the  north  side  of  Smiths 
Fork,  the  surface  covering  has  been  removed  from  the  phosphate  beds, 
which  are  exposed  for  a  distance  of  400  feet  up  the  slope  of  the  ridge, 
dipping  65°  E.  The  uppermost  layer  of  the  series  is  a  6-foot  bed  of 
phosphate  and  below  this,  separated  by  3  feet  of  brown  ahale  and 
hard,  blue  limestone,  is  another  bed  4  to  5  feet  thick. 

Two  tunnels  have  been  cut  into  the  main  bed,  one  about  35  feet 
the  other  about  50  feet  in  length.  A  square  box  chute  with  steel 
bottom  has  been  built  along  the  outcrop,  extending  down  to  storage 
bins  near  the  base  of  the  ridge.  The  rock  is  hard  and  requires  con- 
siderable  blasting.     The   material    is   shoveled   into   wheelbarrows. 
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taken  to  the  platform  at  the  tunnel  mouth,  and  dumped  into  the 
chute,  which  conducts  it  by  gravity  to  the  storage  bins.  The  phos- 
phate will  be  dumped  into  wagons  and  hauled  to  the  railroad  at 
Cokeville,  a  distance  of  about  2  J  miles  over  a  level  road.  The  prop- 
erty is  controlled  by  the  Union  Phosphate  Company.  At  the  time 
of  visit  (October  12,  1906)  three  or  four  men  were  working  in  the 
tunnel  and  considerable  material  had  accumulated  awaiting  the  ar- 
rival of  cars.  No  facilities  for  rapid  handling  of  the  material  at  the 
railroad  had  been  provided.  Development  was  progressing  as  rap- 
idly as  possible  with  the  limited  number  of  men  •employed. 

THOMAS    FORK,  WYOMING. 

There  is  an  extensive  exposure  of  the  phosphate  series  low  down 
on  the  flanks  of  the  Sublette  Range  on  the  east  side  of  Thomas  Fork, 
which  empties  into  Bear  River  at  Border,  Idaho,  a  station  on  the 
Oregon  Short  Line  Railroad.  As  at  Montpelier,  the  series  is  exposed 
in  numerous  small  draws  that  cut  across  the  strike,  and  also  in  Ray- 
mond Canyon,  which  penetrates  the  range.  Between  these  points 
the  outcrop  is  largely  concealed  by  heavy  wash.  Several  peculiar 
features  characterize  the  series  here  and  its  detailed  structure  and 
geologic  relations  have  not  yet  been  fully  worked  out.  At  the  south 
end  of  the  exposure  the  beds  stand  at  a  high  angle,  in  places  almost 
vertical,  and  the  best  phosphate  bed  appears  to  be  underlain  by  a 
hard,  gray,  exceedingly  siliceous  rock,  apparently  a  cherty  limestone. 
This  has  withstood  the  erosion  of  the  softer  strata  and  outcrops 
boldly,  forming  high  vertical  reefs  along  the  range.  Above  the  main 
phosphate  bed  there  is  the  usual  succession  of  limestones,  shales,  and 
phosphate.  The  structure  is  somewhat  complicated  owing  to  the 
faulting  and  folding  of  the  strata.  At  the  north  end  of  the  exposure, 
which  is  about  7  miles  long,  the  beds  in  most  places  have  a  flatter 
dip,  ranging  from  45°  to  60°  W.  The  general  strike  at  the  south  end 
is  roughly  north  and  south  and  at  the  north  end  of  the  exposure 
swings  a  little  to  the  west.  Some  long  cuts  were  made  across  the 
strata  late  in  the  fall  of  1906,  in  order  to  expose  their  sequence,  but 
snow  came  before  the  detailed  study  of  the  section  was  completed. 

MONTPELIER,  IDAHO. 

The  succession  of  strata  m  the  range  east  of  Montpelier,  Idaho,  is, 
in  places,  broken  by  folding  and  faulting  and  where  this  is  the  case 
the  structure  is  difficult  to  follow,  since  not  only  does  the  faulting  vary 
in  amount  of  displacement,  but  the  beds,  particularly  on  the  west  side 
of  the  fold,  contain  numerous  rolls  which  cause  both  the  strike  and 
dip  to  vary  considerably  within  rather  short  distances.  The  intense 
compression  to  which  these  beds  have  been  subjected  has  produced' 
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in  places  a  verj-  remarkable  fracturing  bj-  wbich  they  appear  to  be 
on  edge,  with  a  general  north-south  strike.  The  dip,  however,  is  to 
the  west  at  angles  of  20°  to  30°. 

In  the  canyon  of  Montpeher  Creek  the  lowest  beds  exposed  are 
yellow,  sandy  limestone  and  sandstone  and  blue-gray  sihceous  lime- 
stone, which  inmiediately  tmderhe  the  phosphate  series.  The  over- 
Ijing  limestones  generallj-  occur  in  massive  outcrops.  A  prominent 
spur  of  the  range  extends  nearly  to  the  town  of  ilontpelier  and  is 
formed  of  limestones  and  sandstones  of  upper  Carboniferous  and 
Mesozoic  age.  The  lower  portion  of  the  upper  Carboniferous  series, 
including  the  phosphate  beds,  is  exposed  on  the  north  side  of  Xlont- 
pelier  Creek,  as  shown  in  the  accompanying  section  (fig.  19). 

On  the  south  side  of  MontpeJier  Creek  the  phosphate  series  is  buried 
beneath  the  detrital  slopes,  and  the  outcrops  of  the  phosphate  beds 


are  exposed  only  in  the  numerous  draws  which  cut  across  the  strike 
along  the  range.  Between  these  points  the  beds  are  not  visible  except 
where  exposed  by  the  large  amount  of  development  work  which  has 
been  done,  particularly  on  the  Waterloo  placer-mining  claim.  Their 
presence,  however,  is  indicated  by  pieces  of  float  and  the  character- 
istic darkening  of  the  soil  overlying  them.  Here  the  beds  dip  to  the 
west  at  a  low  angle — about  20°  to  30°.  They  are  remarkably  uniform 
in  character  over  a  wide  area,  rolling  slightly,  but  showing  no  signs  of 
any  very  serious  disturbance.  Erosion  has  removed  the  upper  beds 
from  a  large  portion  of  the  ground,  leaving  extensive  areas  in  which 
the  main  phosphate  bed  is  now  covered  by  only  a  2-foot  band  of 
limestone  and  a  few  feet  of  shale  and  surface  detritus.  Here  and 
there  the  top  of  the  phosphate  bed  itself  forms  the  surface  of  the 
gn»und  and  in  places  the  bed  has  been  completely  eroded,  leaving 
only  the  hard  underlying  cherty  limestone.  The  band  of  limestone 
already  referred  to,  which  immediately  overlies  the  main  phosphate 
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bed,  is  locallj  shattered  in  a  remarkable  manner  without  displace- 
ment, the  phosphate  bed  beneath  being  but  httle  affected  and  both 
limestone  and  phosphate  retainmg  their  usual  dip  The  succession  of 
the  beda  forming  the  phosphate  aenes  as  exposed  in  the  workings  of 
the  Waterloo  claim,  is  given  m  the  actompan>in^  topical  section 
(fig  20). 

On  the  south  end  of  the  claim  and  also  at  the  north  end  in  the 
higher  ground  the  full  width  of  the  top  phosphate  bed,  shown  as- 


eroded  in  the  section,  is  seen  to  be  about  10  feet  or  more.  It  contains 
some  large  lime  nodules,  black  and  verj'  hard,  also  thin  layers  of  brown 
shale,  and  is  overlain  by  a  succession  of  alternating  beds  of  limestone, 
shale,  and  phosphate,  the  phosphate  being  too  thin  or  too  low  in 
grade  to  be  profitably  worked  at  present.  This  part  of  the  series  is 
best  seen  on  the  north  side  of  Montpelier  Creek,  where  it  passes  up 
into  the  massive  limestones  already  mentioned.  The  dips  here  are  in 
the  main  somewhat  steeper. 


460         CONTRIBUTIONS   TO   ECONOMIC    GEOLOGY,  1906,  PART   I. 

From  a  practical  standpoint  the  limestone  immediately  overlying 
the  main  phosphate  bed  at  Montpelier  is  of  considerable  importance, 
being  very  uniform  in  character  wherever  found  and  containing 
abundant  specimens  of  a  coiled  shell,  OmphahtrochuSj  which,  so  far 
as  observed,  seems  to  be  confined  to  this  bed.  This  limestone  or 
^^cap  lime,^^  as  it  is  called  by  the  miners,  is  a  valuable  landmark  in 
prospecting  for  the  main  bed  of  phosphate.  It  averages  2  feet  in 
thickness,  is  dark  gray  in  color,  and  very  hard  when  freshly  exposed, 
but  rapidly  weathers  brown  and  finally  disintegrates  completely. 
Large  blocks  of  it  which  have  lain  on  the  ground  less  than  two  years 
crumble  to  pieces  when  lightly  struck  with  a  hammer.  In  common 
with  most  of  the  other  bands,  it  emits  a  strong  bituminous  odor  when 
broken.  Analyses  show  that  some  of  these  limestones  contain  several 
per  cent  of  PgOg.  Fossils  are  much  more  abundant  in  some  than  in 
others.  In  development  work  the  position  in  the  series  of  some  of 
the  beds  can  readily  be  determined  from  their  fossils,  even  by  one 
with  no  knowledge  of  paleontology.  Such  characteristic  forms  as 
OmphalotrochuSy  Rhynchonellaj  OTionetes,  and  Productus  are  abun- 
dant and  well  preserved.  A  remarkable  specimen  showing  three  large 
fish  teeth  in  a  portion  of  the  jaw  was  recently  discovered  in  the  cap 
lime.     The  shales  contain  Lingula  and  lamellibranchs. 

The  main  phosphate  bed  is  the  lowest  one  in  the  series  at  this 
locality  and  is  just  over  the  basal  limestone,  which  contains  much 
silica,  in  many  places  segregated  as  irregular  bands  and  masses  of 
chert.  The  phosphate  layers  are  black  to  brownish  in  color  and 
finely  to  coarsely  oolitic  in  structure.  . 

The  beds  rich  in  PgOg — ^for  example,  the  main  phosphate  bed — are 
almost  entirely  oolitic,  the  small  black  granules  being  densely  packed 
together  with  but  little  matrix  material  and  effervescing  but  very 
slightly  with  HCl.  The  phosphate  has  a  bituminous  odor  when 
freshly  broken.  As  the  number  of  oolitic  grains,  and  therefore  the 
P2O5  content,  decreases,  the  beds  assume  more  of  the  character  of 
oolitic  shales  or  limestones. 

Several  thousand  tons  of  phosphate  from  the  main  bed  at  Montpe- 
lier, the  whole  of  the  material  5 J  to  6  feet  wide  between  the  inclosing 
limestones  being  mined  and  shipped,  showed  a  remarkably  uniform 
content  of  P2O5,  the  average  of  a  large  series  of  analyses  on  carload 
lots  giving  a  total  of  a  little  over  32  per  cent  PgOg,  equivalent  to  70 
per  cent  bone  phosphate.  As  the  result  of  a  careful  experiment,  it 
was  found  that  a  cubic  foot  of  the  phosphate  in  the  main  bed  weighed 
150  pounds.     This  gives  13.3  cubic  feet  to  the  ton. 

The  stratum  varies  considerably  in  hardness,  the  lower  2  feet  being 
very  hard  and  blocky  and  the  upper  portion  being  softer,  with  a  more 
shaly  structure. 
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In  early  days  the  dark  shales  associated  with  the  phosphate  were, 
owing  to  their  bituminous  odor,  frequently  taken  to  indicate  the 
presence  of  oil  or  coal,  and  the  deposits  at  Montpelier  were  filed  on  as 
coal  lands  and  considerable  work  was  done  in  the  effort  to  find  that 
material. 

As  the  dip  is  low  at  this  place,  the  beds  are  worked  as  an  ordinary 
flat  coal  seam  with  pillar  and  stall.  The  phosphate  is  mined  by 
both  open-quarry  and  underground  workings.  A  loading  platform 
is  placed  at  the  foot  of  a  gravity  tramway  running  up  the  slope  of 
the  hill,  the  top  of  the  platform  being  on  a  level  with  the  main 
working  tunnel.  The  phosphate  rock  is  delivered  at  the  platform  in 
ordinary  standard  ore  cars  from  both  quarry  and  mine  and  loaded 
directly  into  the  wagons  through  a  chute.  It  is  then  hauled  about 
4J  miles  to  the  Oregon  Short  Line  Railroad  at  Montpelier  and 
dumped  into  the  cars  through  a  door  in  a  loading  bridge  built  over 
the  siding.  It  is  now  being  shipped  to  the  works  of  the  San  Fran- 
cisco Chemical  Company  at  Martinez,  Contra  Costa  County,  Cal., 
and  there  made  into  superphosphates  to  be  used  as  fertilizers. 

HOT    SPRINGS,  IDAHO. 

The  phosphate  series  is.  found  at  Hot  Springs,  Idaho,  near  the 
north  end  of  Bear  Lake  on  its  east  side,  14  miles  south  of  Montpelier, 
forming  the  continuation  of  the  series  seen  at  the  latter  place  and 
having  the  same  general  characters,  but  dipping  at  higher  angles  to 
the  west.     The  deposits  are  extensive. 

BENNINGTON    AND    GEORGETOWN,  IDAHO. 

To  the  north  along  the  general  line  of  strike  the  phosphate  series  is 
seen  near  Bennington,  Idaho,  about  5  miles  from  Montpelier,  where 
it  is  apparently  considerably  broken  and  faulted,  and  again  in  a 
steep  canyon  some  miles  east  of  Georgetown,  which  is  11  miles 
northwest  of  Montpelier. 

VICINITY   OF    SWAN    LAKES,  IDAHO. 

About  4  miles  east  of  Manson,  a  small  siding  on  the  Oregon  Short 
Line  Railroad,  a  mile  south  of  the  line  between  Bannock  and  Bear 
Lake  counties,  Idaho,  the  phosphate  series  is  exposed  in  a  high 
range  of  hills.  The  strata  are  much  faulted  and  folded,  but  little 
development  work  has  yet  been  done,  and  the  detailed  structure  is 
therefore  not  yet  satisfactorily  worked  out.  The  series  has  been 
traced  for  several  miles  along  the  flanks  of  the  range,  which  is  cut 
by  deep  gulches,  and  also,  owing  to  the  folding,  is  found  on  the  high 
ground.     The  general  line  of  strike  swings  more  to  the  west  than  at 
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Montpelier,  and  the  dips  are  to  the  west  at  widely  varying  angles. 
There  is  a  bed  of  phosphate  here  which  corresponds  in  its  general 
character,  thickness,  and  grade  to  the  main  bed  at  Montpelier  and, 
at  several  places  where  it  is  opened  up,  dips  from  20°  to  30°  to  the 
west.  It  is  overlain  by  a  band  of  limestone  in  which  Omphalo- 
trochus  and  Chonetes  have  been  recognized.  Above  this  band  of 
limestone  there  is  the  usual  succession  of  beds  of  phosphate,  lime- 
stone, and  shale.  In  places  this  phosphate  bed  is  faulted  and  appar- 
ently lies  over  a  massive  limestone  in  which  a  large  Productus  is 
found.  Work  is  being  undertaken  to  trace  out  the  sequence  and 
extent  of  the  phosphate  beds  at  this  locality. 


DEVELOPED  PHOSPHATE  DEPOSITS  OF  NORTH 

ERN  ARKANSAS. 


By  A.  H.  Purdue. 


INTRODUCTION. 

The  field  work  for  this  paper  was  done  in  the  latter  part  of  August 
and  the  first  part  of  September,  1906.  Previous  to  this  time  (in 
the  latter  part  of  1903)  the  writer  made  a  visit  to  the  developed 
deposits  for  the  purpose* of  arranging  for  an  exhibit  of  the  phos- 
phate rock  and  its  products  at  the  Louisiana  Purchase  Exposition. 
The  company  operating  the  mines  and  the  fertilizer  plant  connected 
therewith  freely  assisted  in  preparing  an  exhibit  and,  among  other 
things,  shipped  to  the  exposition  a  solid  block  of  phosphate  rock 
4  feet  wide,  8  feet  long,  and  somewhat  more  than  4  feet  thick.  This 
block  of  stone  attracted  the  attention  of  those  who  were  interested 
in  the  fertilizers  and  phosphate  deposits  of  the  country  and  excited 
special  interest  in  the  deposits  of  Arkansas,  an  interest  that  justifies 
the  preparation  of  the  present  paper. 

The  area  over  which  the  phosphate  deposits  of  northern  Arkansas 
occur  is  mentioned  in  the  following  reports  of  previous  writers : 

Owen,  David  Dale.  First  report  of  a  geological  reconnaissance  in  the  northern 
counties  of  Arkansas,  made  during  the  years  1857  and  1858.     1858. 

Penrose,  R.  A.  F.  Manganese;  its  uses,  ores,  and  deposits:  Ann.  Rept.  Geol.  Sur- 
vey Arkansas  for  1890,  vol.  1. 

Hopkins,  T.  C.  Marbles  and  other  limestones:  Ann.  Rept.  Geol.  Survey  Arkan- 
sas for  1890,  vol.  4. 

Branner,  J.  C.  (State  geologist).  The  lead  and  zinc  region  of  northern  Arkansas: 
Ann.  Rept.  Geol.  Survey  Arkansas  for  1892,  vol.  5. 

Branner,  J.  C.  The  phosphate  deposits  of  Arkansas:  Trans.  Am.  Inst.  Min.  Eng., 
vol.  26,  1896,  pp.  580-598. 

Branner,  J.  C,  and  Newsom,  J.  F.  The  phosphate  rocks  of  Arkansas:  Bull. 
Arkansas  Agr.  Exp.  Station  No.  74,  1902. 

Ulrich,  E.  0.,  and  others.  Zinc  and  lead  deposits  of  northern  Arkansas:  Prof. 
Paper  U.  S.  Geol.  Survey  No.  24,  1904,  p.  100. 

GEOGRAPHY  AND  HISTORY  OF  THE  PHOSPHATE  BEDS. 

Geographic  distribution  of  the  beds. — The  developed  phosphate  depos- 
its of  Arkansas  are  on  Lafferty  Creek,  on  the  western  edge  of  Independ- 
ence County.     The  only  point  at  which  the  beds  are  now  worked  is 
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about  three-fourths  of  a  mile  east  of  White  River  and  the  samp  dis- 
tance from  the  White  River  branch  of  the  Missouri  Pacific  Railway. 
A  spur  extends  from  the  main  line  up  Lafferty  Creek,  past  the  quarry, 
and  on  to  the  old  workings,  which  are  about  a  mile  to  the  northeast,  on 
East  Lafferty  Creek.  Although  this  is  the  only  locality  at  which  the 
deposits  have  been  developed,  they  have  a  wide  east-west  extent, 
reaching  from  the  town  of  Hickory  Valley,  10  miles  northeast  of  Bates- 
ville,  westward  at  least  as  far  as  the  town  of  St.  Joe,  in  Searcy  County, 
a  distance  of  more  than  80  miles  in  a  direct  line.  This  statement 
must  not  be  taken  to  mean  that  phosphate  rock  outcrops  throughout 
the  whole  of  this  distance  or  that  all  the  deposits  found  are  sufficiently 
large  or  of  high  enough  grade  to  work  with  profit.  It  means  that  a 
phosphate  bed,  which  is  practically  horizontal,  outcrops  in  a  winding 
line  on  the  hillsides  and  in  other  places  between  the  points  mentioned. 
A  phosphatic  horizon  can  be  traced  westward  to  the  western  border 
of  the  State;  but  at  no  point  west  of  St.  Joe  have  phosphate  rocks,  in 
considerable  amount,  attracted  the  attention  of  geologists.  Thin 
beds  of  phosphatic  sandstone  are  found  in  the  Devonian  shales  in  the 
western  part  of  Carroll  County,  on  War  Eagle  Creek.  While  it  is  cer- 
tain that  prospecting  for  workable  deposits  would  be  useless  through- 
out most  of  the  distance  over  which  the  phosphate  rock  outcrops,  it 
can  confidently  be  expected  that  minable  deposits  other  than  those 
now  known  will  be  discovered,  especially  in  the  eastern  part  of  the 
field. 

Topography  of  the  area, — ^The  area  near  the  developed  deposits  is 
much  dissected  by  streams.  The  main  line  of  drainage  is  White  River, 
which  here  stands  about  250  feet  above  sea  level.  Above  the  river  on 
both  sides  are  steep-sloping  hills  or  almost  perpendicular  bluffs.  The 
tributaries  of  White  River  flow  southward  in  valleys  that  lie  from  200 
to  400  feet  below  the  hills  on  both  sides.  Lafferty  Creek,  on  which 
the  developed  deposits  are  located,  flows  in  a  valley  that  is  400  feet 
deep. 

Discovery  and  history. — ^The  following  account  of  the  discovery  of 
the  phosphate  deposits  of  northern  Arkansas  has  been  furnished  the 
writer  by  Dr.  J.  C.  Branner,  ex-State  geologist  of  Arkansas: 

The  first  mention  of  the  phosphate  deposits  of  Arkansas  was  made  by  Owen,  who 
spoke  of  the  bed  at  St.  Joe  as  a  vein  of  ore  containing  iron  and  manganese  (?).«  Owen, 
however,  did  not  recognize  the  material  as  phosphate  rock.  The  next  mention  was 
made  by  Penrose  in  his  manganese  report.  ^  He  also  failed  to  determine  the  true  nature 
of  the  rock,  and  Doctor  Wolff,  of  Harvard,  was  disposed  to  think  it  volcanic  tuff. 
Hopkins  noted  the  beds  at  several  places,  and  mentions  them  in  his  marble  report,  c 

a  Owen,  David  Dale,  First  Report  of  a  Geological  Reconnaissance  of  the  Northern  Counties  of  Arkan- 
sas, made  during  the  Years  1857  and  1858,  p.  79. 

b  Penrose,  R.  A.  F.,  Manganese;  its  uses,  ores  and  deposits:  Ann.  Rept.  Geol.  Survey  Arkansas  for 
1890,  vol.  1,  pp.  126-127. 

c  Hopkins,  T.  C,  Marbles  and  other  limestones:  Ann.  Rept.  Geol.  Survey  Arkansas  for  1800,  vol.  4, 

pp.  212-213. 
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but  he  did  not  recognize  them  as  phosphate  rocks.  I  saw  and  made  notes  of  several 
of  the  phosphate  localities  in  1890,  but  the  rocks  were  not  recognized  to  be  phosphate 
beds  until  1895,  when  I  had  analyses  made  here  at  Stanford  University.  That  same 
year  I  went  to  Arkansas  *  *  *  and  gathered  the  bulk  of  the  information  that  ena- 
bled me  to  publish  the  paper  brought  out  by  the  American  Institute  of  Mining  Engi- 
neers in  vol.  26  of  their  Transactions. 

What  has  been  written  concerning  the  phosphate  deposits  of  north- 
em  Arkansas  as  such  is  to  be  found  in  the  papers  by  Professor  Branner 
and  by  Professors  Branner  and  Newsom.  ^  Inasmuch  as  the  present 
paper  deals  with  only  a  limited  portion  of  the  area  over  which  the  phos- 
phates extend,  those  desiring  a  wider  knowledge  of  the  extent  and 
nature  of  the  beds  are  referred  to  these  two  papers. 

GEOLOGY  OF  THE  REGION. 

In  the  area  over  which  the  phosphate  deposits  of  northern  Arkansas 
occur  nothing  but  sedimentary  rock  is  exposed  at  the  surface.  The 
ages,  relations,  and  names  of  the  formations  in  the  eastern  part  of  the 
area  are  given  in  the  following  section: 

General  section  in  phosphate  region  of  northern  Arkansas, 

Carboniferous: 

Boone  chert,  including  St.  Joe  marble. 
Devonian: 

C^ttanooga  shale  and  Sylamore  sandstone. 
Silurian: 

St.  Clair  limestone. 
Ordovician: 

Cason  shale. 

Polk  Bayou  limestone. 

Izard  limestone. 

The  above  rocks  will  be  briefly  described,  for  the  purpose  of  assist- 
ing those  who  may  desire  to  prospect  for  phosphate  rock. 

Izard  limestone. — This  limestone,  as  described  by  Dr.  T.  C.  Hop- 
kins,^ ''is  a  smooth,  fine-grained,  compact,  homogeneous,  nonfossil- 
iferous,  evenly  bedded  limestone,  breaking  with  a  conchoidal  fracture, 
and  is  mostly  of  a  dark  blue  color,  varying  locally  to  buff,  light  and 
dark  gray,  and  almost  black.'' 

This  limestone  occupies  the  lower  part  of  the  valleys  in  the  region 
of  the  developed  deposits.  It  constitutes  the  lower  part  of  Penters 
Bluff  and  occurs  along  Lafferty  Creek  and  its  tributaries  and  at  Phelps 
Spring,  a  half  mile  north  of  Cushman.  This  limestone  varies  con- 
siderably in  thickness.  According  to  Mr.  Hopkins,  280  feet  ^  at  the 
base  of  Penters  Bluff  is  Izard  limestone,  which  reaches  down  to  the 

a  Branner,  J.  C,  The  phosphate  deposits  of  Arkansas:  Trans.  Am.  Inst.  Min,  Eng.,  vol.  26,  1896,  pp. 
580-598.  See  also  Branner,  J.  C,  and  Newsom,  J.  F.,  The  phosphate  rocks  of  Arkansas:  Bull.  Arkansas 
Agr.  Exp.  Sta.  No.  74, 1902. 

6  Ann.  Kept.  Geol.  Siwvey  Arkansas  for  1890,  vol.  4,  p.  109. 

«This  measurement  is  probably  too  great,  according  to  Mr.  E.  O.  Ulrich. 
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water's  edge  of  White  River.  A  mile  and  a  half  west  of  Cushman,  on 
the  point  of  the  hill  in  the  northern  part  of  sec.  7,  T.  14  N.,  R.  7  W., 
the  limestone  is  110  feet  thick.  On  the  south  slope  of  Pumpkin 
Branch  it  is  130  feet  thick;  in  the  northwestern  part  of  sec.  1,  T.  14 
N.,.R.  8  W.,  it  is  210  feet  thick.  At  least  50  feet  of  it  is  exposed 
along  the  lower  part  of  West  Lafferty  Creek. 

The  Polk  Bayou  limestone, — This  limestone  immediately  overlies 
the  Izard  limestone.  It  is  everywhere  present  in  the  vicinity  of  the 
developed  deposits,  but  is  not  so  widespread  over  northern  Arkansas 
as  the  Izard  limestone.  At  Phelps  Spring,  just  north  of  Cushman, 
it  is  120  feet  thick.  Both  limestones  are  exposed  here,  the  spring 
issuing  from  the  Izard.  At  the  cave  IJ  miles  west  of  Cushman  it  is 
130  feet  thick.  One-half  mile  north  of  the  cave  and  across  the  hollow 
from  it,  in  the  northern  part  of  sec.  7,  T.  14  N.,  R.  7  W.,  it  is  75  feet 
thick. 

This  limestone  occurs  in  massive  beds.  In  color  it  varies  from  a 
rather  light  gray  at  the  basal  portion  to  a  brown,  in  some  places  a 
chocolate  color,  at  the  top.  The  texture  is  very  coarse,  the  rock 
being  made  up  of  crinoid  stems  and  other  fossil  fragments,  bound 
together  by  crystals  of  calcite.  Much-weathered  specimens  of  this 
limestone  present  a  spongy  resistance  to  the  blows  of  the  hammer, 
and  break  up  into  coarse,  sandlike  material. 

The  Cason  shale, — ^Within  the  area  examined  by  the  writer  the 
rocks  at  the  horizon  of  the  Cason  shale  are  of  variable  nature.  It  is 
at  this  horizon  that  the  phosphate  rocks  herein  considered  occur. 
Usually  somewhat  more  than  4  feet  at  the  top  consist  of  shale,  or,  in 
the  outer  part,  of  clay  derived  from  the  disintegration  of  the  shale. 
The  upper  part  of  the  shale  is  yellow  to  brown  in  color;  the  lower  por- 
tion, which  ranges  in  thickness  from  2  to  14  inches,  is  green.  In 
soifie  places,  as  at  the  phosphate  quarry  later  to  be  described,  the 
shale  contains  a  thin  bed  of  low-grade  iron  ore.  In  other  places  it  is 
manganiferous.  Such  samples  as  were  tested  were  found  to  be  phos- 
phatic,  and  the  rock  is  probably  so  everywhere. 

The  phosphate  rocks  of  the  region  are  associated  with  this  bed  of 
shale.  All  of  the  developed  deposits  here  are  below  it,  but  in  other 
places  there  are  phosphatic  beds  above  shale,  which  is  presumably  the 
same  as  this.  The  phosphate  beds  vary  in  character,  ranging  from 
those  that  are  brown  and  sandy  and  of  low  grade  to  those  that  on 
fresh  surfaces  are  bluish  gray,  apparently  without  sand,  and  of  uni- 
form texture  and  color.  It  is  the  latter  that  are  worked.  They  will 
be  more  fully  discussed  later  in  the  paper. 

Manganese  ore  is  at  many  places  closely  associated  with  the  phos- 
phate beds.  So  common,  indeed,  is  the  association  of  the  two  that 
debris  of  the  manganese,  which  is  always  plainly  perceptible  where 
present,  is  a  good  guide  in  prospecting  for  phosphate  rock. 
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The  St  Clair  limestone, — The  St.  Clair  limestone  lies  above  the 
Cason  shale.  In  the  vicinity  of  the  developed  deposits  it  is  from  8 
to  18  feet  thick.  It  is  a  compact  crystalline  limestone,  pinkish  in 
color,  and  is  composed  largely  of  small  fragments  of  crinoids  and  other 
fossils.  The  fossil  fragments  stand  out  on  weathering,  producing 
very  rough  surfaces.  The  St.  Clair  limestone  is  thought  to  be  the 
only  representative  of  the  Silurian  in  the  region. 

The  St  Joe  marble  and  Boone  chert, — Upon  the  St.  Clair  limestone 
rest  rocks  of  Carboniferous  age,  known  as  the  St.  Joe  marble  and  the 
Boone  chert.  The  former  is  the  older  of  the  two,  and  is  only  locally 
present  in  the  eastern  part  of  the  phosphate  region.  Where  typically 
developed  the  St.  Joe  limestone  occurs  in  layers  from  a  few  inches  to 
2  feet  or  more  in  thickness.  Elsewhere  it  is  usually  a  somewhat  coarse- 
textured  rock,  and  is  gray  at  the  lower  and  upper  parts,  while  the  mid- 
dle portion  is  often  red,  but  the  rocks  that  occupy  the  stratigraphic 
position  of  the  St.  Joe  in  the  locality  under  discussion  are  usually 
gray  to  dove-colored,  compact,  and  contain  large  numbers  of  calcite 
seams.  These  beds  maybe  the  representatives  of  the  St.  Joe  marble, 
and  may  therefore  belong  to  an  older  Carboniferous  formation. 

The  Boone  chert  is  a  heavy  deposit  of  limestone,  contains  a  large 
amount  of  chert,  and  is  of  wide  extent  over  the  southern  part  of  the 
Ozarks.  Where  the  St.  Joe  is  absent  in  the  region  under  discussion 
the  Boone  chert  rests  on  the  St.  Clair  limestone  if  this  is  present;  if 
not  it  rests  on  the  Cason  shale,  the  chert  lying  immediately  over  the 
phosphatic  deposits. 

THE  DEVELOPED  DEPOSITS. 

Location,^— The  developed  phosphate  deposits  of  northern  Arkansas 
are  confined  to  sees.  14  and  15,  T:  14  N.,  R.  8  W.,  situated  on  LaflFerty 
Creek,  near  the  junction  of  East  Lafferty  and  West  Lafferty  creeks, 
about  4  miles  a  little  south  of  west  of  the  town  of  Cushman,  in  Inde- 
pendence County.  They  are  about  12  miles  northwest  of  Batesville, 
the  county  seat,  and  from  a  half  mile  to  IJ  miles  from  White  River 
and  the  White  River  branch  of  the  Missouri  Pacific  Railway. 
•  History  of  the  operating  company. — The  following  history  was  fur- 
nished by  Mr.  F.  S.  Williams,  secretary  and  manager  of  the  company 
operating  the  mines: 

In  June,  1900,  a  company  was  organized  under  the  name  of  the 
Arkansas  Phosphate  Company,  for  the  purpose  of  developing  the 
phosphate  beds  along  Lafferty  Creek,  Independence  County,  Ark. 
After  several  months  of  prospect  work  it  was  found  that  the  phos- 
phates exist  in  sufficient  quantities  to  justify  extensive  mining  opera- 
tions. A  mining  and  milling  plant  was  erected,  several  miles  of  rail- 
way spur  were  laid,  and  mining  was  begun.  After  only  a  few  months 
of  active  operation  the  plant  was  destroyed  by  fire,  which  stopped 
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the  work.  A  much  larger  plant  is  now  nearmg  completion  at  Little 
Rock,  to  which  the  crude  products  of  the  mine  will  be  shipped  in  the 
future,  to  be  manufactured  into  various  phosphatic  and  fertilizer 
products. 

Little  Rock  was  selected  for  the  new  plant  because  of  its  central 
location  and  its  good  railroad  facilities.  The  company  in  the  mean- 
time has  had  its  name  legally  changed  to  the  Arkansas  Fertilizer 
Company.  The  new  plant  will  have  an  annual  capacity  of  40,000 
tons,  with  a  shipping  capacity  of  15  to  18  cars  a  day. 

The  company  has  mined  to  this  time  (October,  1906)  about  10,000 
tons  of  crude  phosphate,  of  which  about  2,250  tons  have  been  pro- 
duced within  the  last  four  months.  The  present  output  of  the  mine 
is  approximately  from  500  to  600  tons  a  month.  The  company  is 
now  manufacturing  fine  ground  crude  phosphate,  acid  phosphate, 
and  a  full  line  of  other  fertilizers  made  from  Arkansas  phosphates 
blended  with  ammoniates,  potash,  etc. 

Description  of  developed  deposits. — ^The  deposits  first  developed  are 
in  a  small  ravine  that  enters  East  Lafferty  Creek  from  the  east,  in 
the  northern  part  of  sec.  14,  T.  14  N.,  R.  8  W.  At  this  place  the 
phosphate  rocks  outcrop  on  the  hillsides  at  an  elevation  of  about  500 
feet  above  sea  level,  and  have  a  low  dip  toward  the  west.  The 
development  extends  for  about  half  a  mile  on  either  side  of  the  road 
that  runs  along  the  bottom  of  the  ravine.  The  work  at  this  point 
was  done  mainly  by  running  adits  into  the  hillside  and  mining  out 
the  rock,  though  some  of  the  rock  was  obtained  from  open  quarries. 

The  phosphate  at  this  place  occurs  beneath  a  ledge  of  St.  Clair 
limestone  from  8  to  10  feet  thick.  The  workings  had  been  abandoned 
for  three  years  when  the  writer  last  visited  the  place,  and  the  expos- 
ures were  more  or  less  obscured.  The  bed  that  was  worked  here  is 
about  22  inches  thick,  lying  beneath  a  yellow  to  brown  colored  clay 
from  4  to  5  feet  thick.  Beneath  the  phosphate  bed  is  a  phosphatic 
sandstone,  the  thickness  of  which  was  not  determined,  but  it  rests 
upon  the  Polk  Bayou  limestone.  The  two  phosphate  beds  are  usu- 
ally separated  by  a  layer  of  manganiferous  iron  ore  1  or  2  inches 
thick. 

Such  exposures  of  the  developed  phosphate  bed  as  were  seen  here 
showed  that  it  had  been  considerably  weathered  and  its  original 
appearance  much  changed.  The  rock  observed  in  the  adits  was  soft 
and  earthy  and  of  a  dark  brown  color,  containing  numerous  small 
subangular  fragments  and  closely  specked  by  small,  white  grains. 
On  examination  under  the  magnifier  the  rock  is  found  to  contain 
large  numbers  of  small,  apparently  sandy  pebbles.  Where  exposed 
to  the  weather  it  is  brown  to  yellow  on  fresh  surfaces.  Many  of  the 
old  surfaces  and  joints  are  colored  black  with  a  thin  coat  of  manganese 
stain.     Weathering  brings  out  thin  shaly  laminfie  in  some  places. 
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The  discovery  of  heavier  deposits  on  LaflFerty  Creek,  about  a  mile 
southwest  of  the  above  workings,  led  to  their  abandonment  and  the 
opening  of  mines  at  the  new  place.  These  deposits  are  on  the  east 
slope  of  the  hill  that  lies  between  LaflFerty  Creek  and  White  River, 
near  its  base.  The  following  section  shows  the  phosphate  beds  and 
their  geologic  relations : 

Section  containing  phosphate  beds. 

Ft.  in. 
St.  Clair  limestone. 

Brown  to  black  shale ". 2    0 

Low-grade  manganiferous  iron  ore 0  15 

Green  to  dark  clay  shale 0  14 

High-grade  phosphate 4^-6    0 

Manganiferous  iron  ore 0    2 

Low-grade  phosphate 4    0 

Polk  Bayou  limestone. 

Only  the  upper  phosphate  bed  is  worked,  the  lower  being  consid- 
ered of  too  low  grade.  At  present  the  stone  is  worked  by  quarrying. 
The  main  quarry  at  the  time  of  the  writer^s  visit  was  375  feet  long 
by  about  30  feet  wide.  An  additional  150  feet  at  the  north  end  was 
stripped,  ready  for  quarrying.  South  of  the  main  quarry  there  were 
two  smaller  ones,  150  and  225  feet,  respectively,  from  the  main  quarry, 
thus  making  a  total  distance  of  750  feet  along  which  the  deposit  was 
opened.  Besides  the  beds  had  been  prospected  by  sinking  shafts 
480  feet  farther  south,  at  which  point  the  dip  of  the  beds  brings  the 
deposit  below  the  creek.  The  beds  outcrop  at  points  north  of  the 
main  quarry  and  have  been  prospected  more  or  less  for  1,000  feet 
along  the  hillside.  The  total  distance,  therefore,  along  which  the 
beds  at  this  place  outcrop  and  are  known  to  be  workable  is  about 
2,200  feet. 

East  of  this  point,  on  the  opposite  side  of  the  creek,  an  adit  30"  feet 
long  has  been  run  into  the  hillside.  This  adit  was  driven  apparently 
for  the  purpose  of  prospecting  the  upper  of  the  two  phosphate  beds, 
which  at  this  place  is  3  feet  4  inches  thick.  Beneath  this,  as  at  the 
main  workings,  there  is  a  phosphate  bed  of  lower  grade,  the  thickness 
of  which  could  not  be  ascertained  at  the  time  of  the  writer^  s  visit,  but 
it  is  probably  about  4  feet. 

As  above  stated,  it  is  only  the  upper  of  the  two  phosphate  beds 
that  is  now  quarried  for  commercial  purposes.  This  is  a  compact, 
homogeneous,  light-gray  rock  with  a  specific  gravity  of  about  3.  At 
a  distance  it  has  the  appearance  of  volcanic  tuflF.  The  color  is  due  to 
small  white  particles  that  are  thoroughly  mixed  with  dark-gray  mate- 
rial. The  white  particles  appear  to  the  unaided  eye  and  under  the 
magnifier  as  if  they  might  be  small  fragments  of  bones.  The  dark- 
gray  material  is  made  up  of  particles  of  varying  size,  some  so  small 
that  they  can  be  seen  only  with  the  magnifier,  others  a  quarter  of  an' 
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inch  in  diameter.  These  particles  are  more  or  less  angular,  some  of 
them  strikingly  so,  making  the  stone  distinctly  conglomeratic  in 
appearance.  The  stone  emits  an  earthy  odor.  In  order  to  determine 
whether  the  gray  particles  are  really  fragmentary  material  or  concre- 
tions and  also  to  ascertain  the  nature  of  the  white  fragments,  a  speci- 
men was  submitted  to  Dr.  Albert  Johannsen,  of  the  United  States 
Geological  Survey,  for  microscopic  examination,  who  reports  as  follows : 

The  thin  section  is  made  up  chiefly  of  organic  remains,  perhaps  fragments  of  bone, 
in  a  cement  of  calcite,  with  very  little  of  an  isotropic,  deep  purplish  mineral,  having 
an  index  very  much  less  than  Canada  balsam — probably  fluorite.  The  sections  show 
no  concretions;  the  calcite  seems  to  be  a  filling  between  the  fragments  of  bone. 

A  small  portion  of  rock  at  the  outer  edge  has  been  leached  of  lime 
by  surface  waters  and  when  freshly  quarried  is  dark  colored.  This  is 
called  by  the  quarrymen  '^ black  phosphate.''  It  contains  a  consid- 
erable amount  of  water,  to  which  the  color  is  attributable,  and  is 
richer  in  phosphate  than  the  remainder  of  the  bed. 

The  lower  bed  is  similar  to  the  upper  one,  though  darker  in  color, 
more  compact,  and  not  conglomeratic,  so  far  as  observed.  The 
darker  color  is  due  to  the  smaller  amount  of  the  white  material  and 
possibly  to  a  larger  amount  of  iron  or  manganese,  or  both.  It  has  a 
greenish  tinge,  which  is  suggestive  of  glauconite.  This  bed  becomes 
very  ferruginous  in  its  upper  part  and  is  here,  as  in  the  old  workings 
on  East  Lafferty  Creek,  separated  from  the  bed  above  by  a  thin 
layer  of  manganiferous  iron  ore. 

The  following  analyses  of  specimens  of  the  rock  were  made  in  the 
laboratory  of  the  United  States  Geological  Survey.  Number  1  was 
a  specimen  taken  from  the  lower  bed;  Nos.  14-18  were  specimens 
from  the  bed  now  being  worked. 

Analyses  of  phosphate  rock  from  Arkansas. 


No. 


14 
15 
16 
17 
18 
1 


Where  taken. 


/ 

4  Inches  from  top  of  bed 

Middle  of  bed 

8  Inches  from  bottom  of  bed 

"Black  phosphate" 

Composite  sample 

From  lower  bed 


Phosphoric 
acid  (PtOft). 


25.86 
27.24 
27.40 
32.60 
29.18 
13.46 


Equivalent 

in  calcium 

phosphate. 

(CasCPOOt). 


56.45 
59.46 
59.81 
71.06 
63.70 
29.38 


Amount  of  th^  phosphate  rock. — The  aggregate  thickness  of  the  two 
beds  at  the  quarries  is  from  8^  to  10  feet,  but,  as  already  stated,  only 
the  upper  bed  is  worked  at  present.  Somewhat  more  than  one-half 
a  mile  west  of  the  quarries,  on  the  opposite  side  of  the  hill  and  above 
the  railroad,  the  phosphate  horizon  is  represented  only  by  a  bed  of 
red  calcareous  shale  6  inches  thick,  overlain  by  brown,  compact  lime- 
stone 20  inches  thick.     Both  of  these  beds  are  slightly  phosphatic. 


PHOSPHATE   DEPOSITS   IN   NOKTHERN  ARKANSAS.  471 

How  far  west  of  the  quarries  the  bed  now  being  worked  will  hold 
out  is  problematical,  though  it  is  reasonable  to  suppose  that  it  will 
maintain  a  workable  thickness  at  least  halfway  through  the  hill. 

Opposite  the  quany,  on  the  east  side  of  Lafferty  Creek,  an  adit 
shows  that  the  upper  bed  of  phosphate  is  3  feet  4  inches  thick.  Only 
development  work  can  determine  how  far  this  thickness  is  main- 
tained, but  the  fact  that  phosphatic  debris  occurs  extensively  on  the 
undeveloped  southern  part  of  sec.  14,  immediately  to  the  east,  indicates 
that  this  thickness  might  hold  for  a  considerable  distance.  As  stated 
above,  the  rock  is  about  22  inches  thick  in  the  northern  part  of  sec. 
14,  where  it  was  first  worked. 

Methods  of  working. — At  the  old  workings  on  East  Lafferty  Creek 
the  phosphate  rock  was  worked  by  stripping  and  quarrying  and  run- 
ning short  adits  into  the  hill  on  a  level  with  the  phosphate  beds.  At 
the  present  workings  only  the  former  method  has  been  used  thus  far. 
The  beds  so  outcrop  as  to  permit  the  company  to  work  by  this  method 
for  some  time  if  they  choose  to  do  so;  but  eventually  it  will  be  nec- 
essary to  run  adits  into  the  hillside.  Drilling  is  done  by  hand,  and 
the  rock  is  hauled  in  wagons  to  the  opposite  side  of  the  creek,  where 
it  is  loaded  on  the  cars  for  shipment.  Before  shipment  the  '^  black 
phosphate^'  is  dried  by  ricking  up  the  rock  and  leaving  furnaces  at 
the  bottom,  in  which  fires  are  built.  Much  the  greater  part  of  the 
stone  is  not  weathered  and  is  shipped  without  drying. 

ORIGIN    OF   THE   PHOSPHATES. 

The  comparatively  uniform  thickness  of  the  phosphate  beds  and 
their  occurrence,  within  the  locality  considered,  always  at  the  same 
geological  horizon,  at  once  determine  them  as  of  sedimentary  origin. 
If  any  further  evidence  for  such  origin  is' necessary,  that  furnished 
by  the  microscopic  examination  h  conclusive.  This  examination 
determines  the  gray,  pebblelike  material  not  to  be  concretions  (con- 
sequently waterworn  material)  and  the  white  particles  that  consti- 
tute so  large  a  part  of  the  mass  to  be  organic  remains. 

Doctors  Branner  and  Newsom  think  that  the  beds  are  probably 
deep  sea  (though  not  abysmal)  deposits,  and  that  their  phosphatic 
nature  is  probably  due  to  'Hhe  droppings  of  fishes  and  other  marine 
animals  and  to  accumulations  of  organic  matter  that  settled  to  the 
bottom  of  the  quiet  waters  that  covered  this  part  of  the  world  during 
Silurian  and  Devonian  times.' '^  But  from  the  conglomeratic  char- 
acter of  the  rock  brought  out  by  microscopic  examination  it  appears 
that  the  deposition  of  the  phosphate  beds  took  place  in  shallow  water, 
having  closely  followed  the  shore  line  as  it  advanced  landward.  This 
is  further  shown  by  the  fragmentary  character  of  the  organic  mate- 

oThe  phosphate  rocks  of  Arkansas:  Bull.  Arkansas  Exp.  Station  No.  74,  p.  09. 
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rial,  a  character  that  was  probably  produced  by  wave  action  along 
shore,  which  ground  up  the  shells  or  the  bones,  as  they  may  have 
been.  It  would  seem  that  the  droppings  of  marine  animals,  as  above 
suggested,  might  account  in  part  for  the  phosphatic  nature  of  the 
beds,  but  the  presence  of  so  large  an  amount  of  organic  fragments 
suggests  that  wave  action  was  probably  its  chief  cause.  The  exact 
character  of  these  organic  fragments  can  not  yet  be  stated.  Although 
they  appear  to  be  fragments  of  bones,  the  probabiUty  that  they  are 
such  is  much  reduced  by  the  fact  that  beds  are  placed  (at  least  ten- 
tatively) in  the  Ordovician,  and  the  probabiUty  that  they  are  Ordo- 
vician  forces  one  to  the  conclusion  that  the  fragments  are  more  likely 
those  of  the  tests  of  Crustacea,  which  are  known  to  be  phosphatic. 

AGE    OF   THE    PHOSPHATES. 

The  phosphates  of  northern  Arkansas  have  heretofore  been  con- 
sidered as  of  Devonian  age,  though  Professors  Branner  and  Newsom 
suggest  that  phosphates  of  earlier  age  may  occur."  The  Uthologic 
character  of  the  limestone  above  the  phosphate  beds  on  Lafferty 
Creek  and  its  tributaries  led  to  the  supposition  that  this  is  the  St. 
Clair  limestone,  which  is  of  Silurian  age.  Fossils  collected  from  this 
be.d  and  sent  to  Mr.  E.  O.  Ulrich,  of  the  United  States  Geological 
Survey,  confirmed  this  supposition.  Fortunately,  Mr.  Ulrich  had 
already  visited  the  locality  himself,  which  makes  his  determination 
of  the  beds  all  the  more  reliable.  Two  lots  of  fossils  from  the  lime- 
stone above  the  phosphate  beds  at  two  different  places  were  sent  to 
Mr.  Ulrich,  and  in  a  letter  concerning  them  he  says: 

Both  lots  of  fossils  are  unquestionably  indicative  of  the  St.  Clair  limestone.  The 
species  are  mostly  different  in  the  two  lots,  but  all  are  of  Silurian  types  known  to 
occiu"  in  the  St.  Clair. 

The  phosphate  along  Lafferty  Creek  occurs,  judging  from  your  evidence  and  my 
own  observations,  in  the  equivalent  of  the  Cason  shale,  which  elsewhere  in  the 
vicinity  of  Batesville  contains  the  manganese.  *  *  *  It  was  only  last  year  that 
I  had  an  opportunity  to  satisfy  myself  that  the  phosphatic  deposits  being  worked 
along  the  east  bank  of  Lafferty  Creek  were  undoubtedly  in  shale  intervening  between 
the  Polk  Bayou  and  the  St.  Clair  limestone. 

The  Cason  shale  is  considered  by  Mr.  Ulrich  as  of  Ordovician  age. 
Certainly  the  phosphate  beds  are  not  younger  than  Silurian. 

PROSPECTING    FOR   PHOSPHATES. 

As  the  phosphate  rocks  of  northern  Arkansas  are  usually  covered 
by  soil  where  they  outcrop  on  the  hillsides,  a  few  suggestions  to 
prospectors  in  search  of  these  beds  may  be  of  advantage.  As  one 
passes  up  the  hillsides  of  the  deeper  valleys  in  western  Independence 
County  he  goes  first  over  a  compact,  gray  to  dove  colored,  brittle 

a  The  phosphate  rocks  of  Arkansas:  Bull.  Arkansas  Exp.  Station  No.  74,  pp.  66,  67,  69. 
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limestone,  that  breaks  easily  under  the  blows  of  the  hammer.  This 
is  the  Izard  limestone.  Above  this  is  a  coarsely  crystalline  Ume- 
stone,  Ught  gray  at  the  bottom,  but  growing  darker  toward  the  top, 
until  the  upper  portion  is  at  some  places  almost  chocolate  colored. 
This  is  the  Polk  Bayou  limestone.  It  is  at  the  top  of  this  limestone 
that  the  phosphate  of  the  locality  occurs.  In  case  the  St.  Clair 
limestone  is  present  it  will  be  found  above  the  phosphate;  if  not, 
the  Boone  chert  (possibly  the  St.  Joe  marble)  will  be  found  above  it. 
It  is  useless  to  look  for  phosphate  above  the  base  of  the  Boone  chert 
or  below  the  top  of  the  Polk  Bayou  hmestone.  In  case  the  rocks 
on  the  hillsides  are  all  hidden,  the  position  of  the  phosphate  beds 
may  be  determined  approximately  by  examining  the  debris  of  the 
surface.  At  many  places  there  are  fragments  of  dull-gray  rocks 
that  look  like  sandstone,  but  these  on  being  broken  are  yellow  on 
the  fresh  surfaces.  These  are  fragments  of  the  phosphate  rock. 
Fragments  of  manganese  ore,  which  are  easily  recognized  and  always 
conspicuous  when  present,  are  good  indications  of  the  phosphate 
horizon,  as  the  two  are  closely  associated.  Of  course  it  must  be 
remembered  that  loose  material  works  its  way  downhill^  so  that  only 
the  upper  limit  of  the  material  here  described  marks  the  position  of 
the  phosphate  beds. 

SUMMARY  AND  CONCLUSION. 

While  it  is  known  that  there  is  a  phosphatic  horizon  of  wide  extent 
in  northern  Arkansas,  the  deposits  have  been  developed  at  only  one 
place,  viz,  on  Lafferty  Creek,  in  the  western  part  of  Independence 
County. 

The  geological  formations  of  the  vicinity  of  the  developed  deposits 
from  below  upward  are:  The  Izard  limestone,  the  Polk  Bayou  lime- 
stone, the  Cason  shale,  the  St.  Clair  limestone,  the  St.  Joe  marble, 
and  the  Boone  chert.  The  developed  deposits  occur  between  the 
Polk  Bayou  limestone  and  the  St.  Clair  marble,  consequently  at  the 
horizon  of  the  Cason  shale,  which  is  thought  to  be  of  Ordovician  age. 

The  phosphate  rock  is  of  sedimentary  origin,  and  where  developed 
is  light-gray,  homogeneous,  and  conglomeratic,  the  pebbles  being  the 
size  of  peas  and  smaller. 

The  beds  probably  were  laid  down  near  shore  as  the  sea  advanced 
landward.  Their  phosphatic  nature  is  thought  to  be  due  mainly  to 
the  fragments  of  organic  matter  that  constitute  so  large  a  portion  of 
their  mass,  though  it  may  be  due  in  part  to  the  droppings  of  marine 
animals. 


PHOSPHORUS  ORE  AT  MOUNT  HOLLY  SPRINGS, 

PA. 


By  George  W.  Stose. 


INTRODUCTION. 

Phosphorus  was  formerly  made  solely  from  bones  and  organic  sub- 
stances, and  it  was  not  until  the  last  decade,  when  the  electric  furnace 
was  perfected,  that  natural  phosphates  were  used  to  any  extent  in  its 
manufacture.  The  extraction  of  phosphorus  from  mineral  deposits 
brings  the  industry  within  the  scope  of  the  Geological  Survey^s 
investigations.  The  mineral  from  which  phosphorus  was  first  ob- 
tained was  phosphorite,  or  rock  phosphate,  an  impure  fluophosphate 
of  calcium,  from  which  soluble  phosphate  fertilizer  is  generally  made. 
Apatite,  a  fluophosphate  or  chlorophosphate  of  calcium,  has  been  used 
in  Europe  and  Canada  to  a  small  extent,  but  wavellite,  or  aluminum 
phosphate,  so  far  as  known,  has  not  been  heretofore  used  commercially 
in  the  manufacture  of  phosphorus,  as  the  mineral  does  not  generally 
occur  in  minable  quantity. 

DISCOVERY  AND  DEVELOPMENT. 

At  the  foot  of  the  northern  slope  of  South  Mountain,  in  the  vicinity 
of  Mount  Holly  Springs,  Pa.,  20  miles  southwest  of  Harrisburg,  a 
deposit  of  wavellite  occurs  in  white  clay  associated  with  manganese 
and  iron  ores.  For  many  years  iron  mining  was  a  prosperous  indus- 
try along  the  foot  of  the  mountain  in  this  region,  but  owing  to  com- 
petition from  the  great  deposits  of  the  West  and  South  it  has  ceased 
to  be  profitable  and  the  mines  have  long  been  idle.  The  iron  is  a 
secondary  product,  having  been  leached  from  the  iron-bearing  shales 
and  limestones  and  deposited  in  the  residual  sand,  gravels,  and  clays 
lying  on  the  limestones  in  the  valley.  Associated  with  the  iron,  in 
general  underlying  it  or  on  the  side  toward  the  mountain,  is  a  body 
of  clay,  in  places  highly  colored  and  plastic,  elsewhere  pure  white  or 
cream  colored,  siliceous,  and  less  plastic.  The  extensive  use  of  pure 
white  clay  as  a  filler  for  wall  paper  and  for  other  commercial  purposes 
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has  created  an  increasing  demand  for  the  clay  of  this  region,  and  it  is 
extensively  mined  in  the  vicinity  of  Mount  Holly  Springs  and  pros- 
pected for  everyivhere  along  the  mountain  front.  In  one  of  these 
prospect  pits,  on  the  property  of  T.  J.  Spangler  in  the  vicinity  of 
Moores  Mill,  4  miles  west  of  Mount  Holly  Springs,  peculiar  round 
white  nodules,  chiefly  in  aggregates  and  botryoidal  masses,  were  found 
in  the  white  clay.  The  less  weathered,  of  these  nodules  when  broken 
open  show  a  beautiful  radiate  silky  fibrous  structure.  The  mineral 
proved  to  be  a  pure  form  of  wavellite,  or  aluminum  phosphate,  a 
mineral  that  is  rather  uncommon  in  so  pure  a  form  and  is  not  known 
to  occur  elsewhere  in  suflScient  quantity  to  be  mined.  The  American 
Phosphorus  Company  was  organized  by  Philadelphia  capitalists  to 
develop  the  deposit,  and  a  mill  for  the  extraction  of  the  phosphorus 
from  the  ore  was  built  near  the  mine.  T.  J.  Spangler,  superintendent 
of  the  mine  and  owner  of  the  land,  is  paid  a  royalty  on  the  ore  extracted. 
The  mine  was  opened  in  1900,  the  first  years  being  devoted  to  pros- 
pecting and  experimenting  with  the  reduction  of  the  ore.  During 
1905  the  mine  was  in  active  operation  and  400  tons  of  ore  were 
reported  to  have  been  extracted  and  reduced  in  the  company's 
furnaces. 

The  mine  is  operated  by  open  cut.  The  phosphate  is  scattered 
through  the  white  clay  and  appears  to  lie  between  a  manganese 
deposit  in  reddish  clay  and  the  mountain.  The  open  cut  after  reach- 
ing a  depth  of  about  30  feet  was  stopped  because  of  water.  A  shaft 
near  by  was  said  to  have  passed  through  clay  with  phosphate  ore 
from  a  depth  of  12  to  52  feet,  at  which  point  16  feet  of  manga- 
nese ore  was  encountered.  When  examined  in  August,  1906,  both 
the  shaft  and  the  open  cut  were  filled  with  water  and  the  workmen 
were  stripping  for  an  enlargement  of  the  pit.  A  tunnel  is  to  be  dug 
from  a  ravine  below  to  drain  it,  so  that  mining  can  be  continued  to 
greater  depth.  The  deposit  is  apparently  limited  in  width  to  40  or 
50  feet,  with  a  depth  ranging  from  a  few  feet  on  the  valley  side,  to 
50  feet  on  the  mountain  side,  as  indicated  by  the  shaft,  and  is  of  unde- 
termined length  along  the  mountain. 

The  only  other  deposit  of  phosphorus  ore  discovered  in  this  vicinity 
is  on  the  other  side  of  the  ridge  in  the  small  valley  east  of  Upper  Mill, 
1  mile  south  of  Mount  Holly  Springs.  In  the  clay  prospects  of  J.  L. 
Musser  small  bean-shaped  fragments  and  nodules  of  the  phosphate 
are  associated  with  manganese  ore,  but  its  quantity  and  extent  had 
not  been  determined.  Wavellite  was  also  observed  by  T.  C.  Hopkins  « 
in  the  white  clay  deposits  of  North  Valley  Hill,  on  the  north  side  of 
Chester  Valley. 

a  Ann.  Rept.  Pennsylvania  State  College  1889-1900,  appendix  3,  p.  13. 
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GEOLOGY. 

Cumberland  Valley  is  a  broad  rolling  plain  8  miles  wide  in  the  vicinity 
of  Mount  Holly  Springs,  whence  it  extends  eastward  to  Susquehanna 
River  and  southwestward  to  Potomac  River.  It  is  limited  abruptly 
on  the  southeast  by  South  Mountain,  a  tract  of  parallel  ridges  which, 
near  Mount  Holly  Springs,  have  an  east-west  trend. 

The  valley  is  composed  largely  of  closely  folded  limestone  of  Cam- 
brian and  Ordovician  age,  younger  Ordovician  shales  (Utica  and  Eden) 
overlying  the  limestone  along  the  northwestern  side  of  the  valley. 
The  front  ridges  of  the  mountain  are  made  up  of  Cambrian  quartzite 
and  conglomerate  with  slate  and  soft  sandstone  valleys  between. 
The  southeastern  ridges  are  of  older  volcanic  rocks,  both  rhyolitic 
and  basic. 

In  the  vicinity  of  Mount  Holly  Springs  the  general  structure  is  that 
of  an  anticlinorium  with  the  southern  limb  covered  by  Triassic  sedi- 
ment. The  lavas  of  pre-Cambrian  age  exposed  at  the  axis  are  here 
chiefly  rhyolitic  and  have  a  marked  cleavage  or  schistosity  dipping 
about  35°  S.,  which  obliterates  largely  the  original  banding.  The 
basal  Cambrian  sediments  consist  of  a  coarse  quartz  conglomerate, 
massive  quartzites,  and  thin  slates.  These  are  closely  folded  and 
overturned,  dipping  steeply  to  the  south,  although  cleavage  to  the 
south  is  so  highly  developed  that  the  stratification  is  difficult  to  deter- 
mine. In  the  longitudinal  valley  of  Mountain  Creek  a  narrow  belt  of 
overlying  limestone  is  infolded. 

Walcott  found  fragments  of  OleneUus  and  Hyolithes  communis  in  the 
upper  scolithus-bearing  sandstone  just  above  Mount  Holly  Springs. 
This  scolithus  bed,  which  forms  the  north  face  of  Mount  Holly  Ridge, 
resembles  in  every  respect  the  Antietam  sandstone,  the  uppermost 
sandstone  of  the  mountain-making  series  of  South  Mountain  in  the 
vicinity  of  Chambersburg,  and  the  finding  of  Georgian  (Lower  Cam- 
brian) fossils  in  these  beds  further  confirms  this  view,  because  fossils 
have  not  been  found  below  this  horizon  in  South  Mountain.  The 
limestone  near  the  mountain  is  covered  by  wash.  The  nearest  out- 
crops dip  steeply  to  the  south,  being  probably  overturned,  but  fossils 
have  not  been  found  in  them  near  Mount  Holly  Springs,  so  that  the 
exact  relations  of  the  limestone  to  the  sandstone  of  the  mountain  have 
not  been  determined.  Walcott  concluded  "  that  a  great  fault  exists 
along  the  west  face  of  the  mountain,  agreeing  in  this  respect  with  the 
earlier  views  of  Lesley  and  Frazer,  as  published  in  the  reports  of  the 
Second  Geological  Survey  of  Pennsylvania. 

From  recent  detailed  studies  in  South  Mountain  from  the  Maryland 
State  line  northward  to  the  latitude  of  Chambersburg  the  writer  has 
proved  ^  the  absence  of  a  fault  of  any  magnitude  along  that  part  of  the 

o  Walcott,  C.  D.,  Cambrian  rocks  of  Pennsylvania:  Bull.  U.  S.  Geol.  Survey  No.  134, 1896,  pp.  24-27. 
b  Jour.  Geol.,  vol.  14, 1906,  pp.  201-220. 
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mountain  front.  Since  the  uppermost  fossiliferous  sandstone  of  the 
Cambrian  (Antietam)  forms  the  front  of  the  mountain  at  Mount  Holly 
Springs  and  there  are  no  data  concerning  the  age  or  attitude  of  the 
limestone  immediately  adjacent,  it  is  assumed  that  the  relations  there 
are  the  same  as  those  observed  farther  south;  that  is  to  say,  that  the 
sequence  is  normal  or  unbroken  by  a  fault  of  appreciable  magnitude. 

ORIGIN. 

The  wavellite  and  the  manganese  and  iron  ores  are  secondary  depos- 
its in  the  surface  gravels,  sands,  and  clays  which  cover  the  rock  out- 
crops at  the  foot  of  the  mountain.  These  surface  deposits  are  in  part 
residual,  in  part  transported.  White  sands,  next  to  the  mountain,  are 
followed  by  beds  of  pure  white  siliceous  clays,  and  these  by  colored 
plastic  clays.  The  sand  is  derived  from  sandstones  which  have  been 
leached  of  their  Calcareous  cement,  and  in  the  quarries  the  loose  sand 
merges  into  the  unaltered  rock.  The  white  clay  is  a  decomposed 
hydromica  slate,  transition  into  which  has  been  described  in  the 
reports  of  the  Second  Geological  Survey  of  Pennsylvania  and  by  Hop- 
kins." Similar  relations  were  observed  in  the  clay  mines  by  the  writer,^ 
but  the  exposures  are  not  so  clear  and  definite  as  they  were  when 
the  iron  mines  were  in  active  operation.  The  colored  plastic  clay  is 
apparently  derived  from  impure  limestone.  Generally  these  beds  are 
steeply  inclined  or  vertical,  like  the  undecomposed  rocks,  but  in  places 
they  have  moved  down  the  slope,  lie  flat,  and  have  become  covered 
over  by  and  mixed  with  the  quartzite  debris  from  the  mountain  above* 

In  this  heterogeneous  mass  the  mineral  deposits  occur.  Through- 
out the  South  Mountain  district  the  iron  ore  that  is  associated  with 
the  basal  part  of  the  limestone  is  at  the  horizon  of  the  hydromica 
slate  at  the  contact  with  the  sandstone,  and  is  usually  found  in  the 
highly  colored  clay,  the  limestone  residuum,  overlying  the  white  clay 
derived  from  the  hydromica  slate.  In  many  places  the  ore  dips 
steeply  into  the  hill  parallel  to  the  bedding  and  appears  to  be  inter- 
bedded  with  the  rocks. 

It  seems  reasonable  to  conclude,  therefore,  that  the  original  deposi- 
tion of  iron  was  in  some  way  a  feature  of  the  change  of  sedimentation 
from  shore  detritus  to  calcareous  silt,  probably  not  as  a  massive  bed 
of  ore  but  as  ferruginous  sediments.  The  solution  of  the  limestone 
and  the  decomposition  of  the  other  rocks  has  left  the  iron  and  clay 
residuum,  and  the  iron  has  been  further  concentrated  in  the  clay  by 
solution  and  redeposition. 

The  wavellite  undoubtedly  had  a  similar  history,  for  it  is  a  com- 
mon constituent  of  the  iron  and  manganese  ores.  Analyses  show 
its  presence  to  a  greater  or  less  extent  in  all  the  iron  ores  of  the  region. 

a  Op.  cit.,  pp.  11-13.  t>  Sec  pp.  323-324  of  this  bulletin. 
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The  phosphorus  in  some  ores  amounts  to  0.5  per  cent;  in  others  it 
reaches  1.5  per  cent.  At  Mount  Holly  Springs  the  wavellite  occurs 
chiefly  in  nodular  form,  with  radiate  structure,  inclosed  in  the  white 
clay,  but  it  is  also  found  coating  pieces  of  quartzite  and  manganese  ore. 
The  phosphorus  was  probably  associated  with  the  iron  in  its  original 
occurrence  and  in  the  process  of  redeposition  it  combined  with  the 
alumina,  but  it  is  possible  that  it  may  have  been  in  part  derived 
from  the  phosphatic  animal  remains  in  the  sediments.  It  is  known 
that  trilobites  and  other  fossils  with  phosphatic  skeletons  once  existed 
in  these  beds  in  considerable  abundance.  They  are  still  found  in 
the  limestones,  and  their  casts  are  occasionally  observed  in  the  sand- 
stones, but  the  phosphatic  material  has  all  been  removed  from  the 
porous  beds  by  solution,  and  may  have  been  deposited  in  the  white 
clay  adjacent  to  the  iron  and  manganese. 

a 

MANUFACTURE  OF  PHOSPHORUS. 

The  old  method  of  making  phosphorus,  which  has  been  in  use 
since  the  beginning  of  the  nineteenth  century,  is  as  follows:  Bones 
are  roasted  and  crushed,  and  the  powdered  bone  ash  (calcium  phos- 
phate) is  treated  with  sufficient  sulphuric  acid  to  convert  all  or  part 
of  the  calcium  into  calcium  sulphate  and  the  phosphorus  into  calcium 
metaphosphate,    or   even   into   phosphoric   acid.     This   is   partially^ 
evaporated,  mixed  with  powdered  charcoal,  and  reduced  in  a  fur- 
nace in   a  clay  retort.     Phosphorus  vapor  and   carbon  monoxide 
distill  off,  and  the  phosphorus  is  condensed  under  water  in  a  yellow  , 
waxy  form.     Theoretically  the  reaction  would  be  as  follows: 

2Ca3(POj2  +  6H2SO4  +  12c  =  6CaS0,  +  12C0  +  2H2  +  P^  +  4H2O. 

It  is  found  in  practice,  however,  that  the  following  is  more  nearly 
what  takes  place: 

3Ca3(PO,)2  +  6H2SO4  +  IOC  =  6CaS0,  +  CeL,(FO,\  +  lOCO  +  GH^O  +  P4. 

In  this  process  much  loss  results  from  the  destruction  of  the  retorts 
by  the  acid  and  intense  heat,  and  only  about  one-half  of  the  phos- 
phorus in  the  charge  is  recovered.  There  is  also  danger  of  igniting 
the  phosphorus  when  removing  it,  and  the  greatest  care  is  required 
to  prevent  the  vapor  from  condensing  in  the  tubes  and  clogging  them. 
Many  improvements  and  modifications  of  this  process  have  been 
patented  in  recent  years.  Wohler  early  suggested  that  calcium  phos- 
phate, either  burnt  bones  or  rock  phosphate,  be  heated  with  sand 
and  carbon  without  the  sulphuric-acid  treatment,  and  the  Wing 
patent  (1891)  followed  the  same  general  method. 
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V       In  the  Wing  process  the  charge  of  bone  ash  or  pulverized  rock 
^    phosphate  and  siHca  is  moistened  and  made  into  balls,  and  is  placed 
^  in  the  cupola  in  layers,  alternating  with  coke  or  coal,  which  furnish 
incandescent  carbon  to  reduce  the  phosphoric-acid  fumes.     The  silica 
^    releases  the  phosphoric  acid  from  the  phosphate  in  the  form  of  the 
anhydride  PgOg,  which  is  reduced  by  the  incandescent  carbon  and  a 
reducing  flame  to  phosphorus.     The  fumes  pass  off  to  depositing 
chambers,  kept  at  a  temperature  of  500°  F.,  where  most  of  the  phos- 
phorus is  deposited  in  the  red  form  and  the  remainder  is  caught  in 
a  water  chamber  as  yellow  phosphorus.     The  process  is  made  con- 
tinuous by  feeding  the  charge  from  the  top,  dumping  the  residuum 
from  the  grate  below,  and  using  two  depositing  chambers  alternately. 
With  only  the  ordinary  furnace  at  command  this  method  was 
found  impracticable  on  account  of  the  high  degree  of  heat  required 
to  smelt  so  refractory  a  charge.     Electricity  as  a  powerful  heating 
agent  had  been  known  for  some  time  and  was  expected  to  furnish 
the  solution  of  the  problem,  but  only  recently  has  the  invention  of 
the  electric  furnace  made  it  commercially  feasible.     It  has  now  been 
generally  introduced  throughout  Europe  and  America  in  the  produc- 
'  tion  of  phosphorus  on  a  profitable  basis. 

The  Readman  patent  (1889)  is  the  process  which  has  come  into 
commercial  use  in  most  countries.  Bone  ash  or  crude  phosphoric  acid 
is  mixed  with  powdered  coal  or  charcoal,  or,  if  mineral  calcium  phos- 
phate is  used, it  is  roasted,  crushed,  and  mixed  with  charcoal  and  silica 
-  or  some  basic  salt.  The  mixture  is  reduced  in  a  continuously  operated 
electric  furnace  in  a  reducing  atmosphere,  by  passing  the  current 
from  carbon  electrodes  through  the  mass,  which  acts  as  a  resistant 
conductor  and  is  heated  to  incandescence.  The  silica  combines  with 
the  calcium  to  form  calcium-silicate  slag.  The  phosphorus  and  car- 
bon monoxide  distill  off  as  before.  Distillation  begins  at  1,150°  C. 
and  requires  1,400°  to  1,500°  C.  to  complete  the  process.  The 
chemical  reaction  is — 

2Ca3  (P0,)2  +  eSiO^  +  IOC  =  GCaSiOg  +  lOCO  +  P^. 

In  Harding's  patent  (1898)  pulverized  rock  phosphate  is  boiled 
with  sulphuric  acid,  and  the  phosphoric  acid,  free  from  lime,  is  filtered 
:  out  and  boiled  down  to  a  sirup.  This  is  mixed  with  granulated  carbon 
heated  in  a  reverberatory  furnace,  and  then  smelted  in  an  electric 
furnace  by  electric  arcs  between  the  electrodes  and  the  mass.  A 
hydrogen  atmosphere  is  obtained  by  spraying  gasoline  into  the 
furnace. 

In  the  Gibbs  furnace,  which  was  devised  especially  for  the  manufac- 
ture of  phosphorus,  instead  of  the  electricity  discharging  through  the 
mass,  it  passes  through  a  continuous  highly  resistant  medium,  such 
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as  a  carbon  rod,  placed  above  the  charge.  The  rod  becomes  incandes- 
cent, and  the  roof,  which  is  arched  over  the  grate,  reflects  the  heat  as 
in  a  reverberatory  furnace. 

The  Readman  process  was  modified  by  the  Irvine  patent  in  1901. 
The  charge  is  the  same  as  in  the  eariier  method,  although  either 
aluminum  or  calcium  phosphate  can  be  used  with  the  silica  or  basic 
salt  flux.  The  two  carbon  electrodes  are  suspended  vertically  from 
above  and  are  connected  below  at  the  start  by  coal,  through  which 
the  current  passes.  After  the  charge  is  melted  the  slag  forms  on  top, 
and  thereafter  the  current  passes  through  it  as  the  conductor  between 
the  electrodes.  Fusion  is  continuous,  and  the  excess  of  slag  is  tapped 
off  gradually  so  as  not  to  expose  the  ends  of  the  electrodes. 

A  process  patented  in  1903  by  Duncan  takes  77  parts  of  powdered 
phosphate,  either  organic  or  mineral,  and  23  parts  of  powdered  carbon, 
mixed  with  tar  as  a  binder.  This  is  dried,  and  after  a  preliminary 
heating,  as  a  matter  of  economy,  in  a  hydrogen  flame,  a  by-product  in 
the  manufacture,  it  is  put  into  an  electric  furnace  and  calcium  phos- 
phide is  continuously  produced.  This  is  put  into  a  chamber  sub- 
merged in  hydrogen,  and  after  adding  water  it  forms  phosphorus 
hydrides.  On  heating,  the  hydrides  are  reduced  to  phosphorus  in 
pure  state,  either  red  or  yellow,  depending  on  the  degree  of  heat  at 
which  it  is  allowed  to  deposit. 

In  1902  Parker  patented  a  process  in  England  for  the  reduction  of 
aluminum  phosphate,  which  is  treated  with  sulphuric  acid  and  then 
with  an  alUm-forming  sulphate,  all  the  alumina  being  removed  by  the 
crystallization  of  the  alum  previous  to  the  electric  treatment.  The 
residual  liquor  is  mixed  with  coal  and  other  carbonaceous  material 
and  reduced  in  an  electric  furnace. 

The  American  Phosphorus  Company,  through  G.  C.  Landis,  its 
chemist,  secured  a  patent  in  January,  1907,  on  certain  improvements 
in  its  furnace  that  were  designed  to  prevent  the  escape  of  fumes, 
vapors,  and  gases,  or  their  absorption  by  the  furnace  lining.  This  is 
accomplished  by  an  outer  liuing  of  nonabsorbent  brick  and  by  a  sealing 
device  for  all  openings  into  the  furnace,  whereby  the  projecting 
flanges  of  the  joints  are  indosed  in  a  moat  of  water.  The  furnace 
has  an  inner  lining  of  carbon  bricks  that  acts  as  one  electrode,  and  one 
or  more  vertical  carbon  rods  are  used  for  the  other  electrode,  which 
may  be  adjusted  either  to  furnish  a  continuous  current  through  the 
charge  or  to  produce  with  it  an  electric  arc. 

The  phosphorus  obtained  by  most  commercial  processes  is  a  crude 
form  of  the  white  or  yellowish  waxy  variety,  containing  sand,  carbon, 
clay,  and  other  impurities.  These  are  removed  in  various  ways — by 
filtering  while  molten  and  submerged  in  water  through  powdered 
charcoal  or  through    canvas;   by  forcing  the  molten  mass  through 
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porous  pottery  by  means  of  steam;  or  by  redistillation  in  iron  retorts. 
The  best  method  of  purification,  however,  is  to  treat  the  crude  phos- 
phorus, when  molten,  with  a  mixture  of  potassium  dichromate  and 
sulphuric  acid,  or  with  sodium  hypobromite,  some  of  the  impurities 
being  dissolved  and  others  rising  to  the  surface  as  scum. 

Because  ordinary  white  phosphorus  is  very  poisonous  and  injurious 
to  handle,  other  forms  of  the  element  have  been  sought.  Red 
amorphous  phosphonis,  which  is  not  poisonous,  is  readily  prepared 
by  heating  the  ordinary"  variety  to  250°  C.  in  a  closed  vessel  under 
pressure  or  excluded  from  air  and  wat,er.  It  has  not  the  same  quali- 
ties, however,  as  the  white  crystalline  variety.  A  red  crystalline 
form,  recently  discovered  in  Germany,  is  made  by  heating  to  boiling 
a  10  per  cent  solution  of  white  phosphorus  in  phosphorus  tribromide. 
This  form  is  not  only  nonpoisonous  but  is  an  efficient  substitute  for 
white  phosphorus  in  making  matches. 

PRODUCTION. 

The  industry  in  this  country  is  so  young  that  statistics  are  diffi- 
cult to  obtain;  in  fact,  general  information  on  the  subject  is  lacking. 
The  world^s  production  of  phosphorus  has  been  variously  estimated 
to  be  from  1,000  to  3,000  tons  a  year,  and  until  very  recently  this 
was  almost  entirely  a  foreign  industry.  The  greater  part  of  the 
world^s  supply  is  made  in  the  Albright  &  Wilson  factory,  Wednes- 
field  (Oldbury),  England,  where  the  Readman  process  originated. 
This  plant  is  said  to  produce  500  tons  a  year.  Other  large  factories 
are  located  at  Lyons,  France,  and  at  Griesheim  and  Frankfort,  Ger- 
many. There  is  also  a  plant  in  Sweden  and  numerous  smaller  ones 
in  Russia,  six  of  which,  located  near  Perm,  had  an  output  of  about 
140  tons  m  1890. 

In  the  United  States  the  first  phosphorus  works  were  built  about 
forty  years  ago  in  Philadelphia  by  Moro  Phillips,  and  this  factory 
has  continued  in  operation  until  very  recently.  J.  J.  Allen's  Sons' 
plant  was  established  in  Philadelphia  in  1891,  and  they  supplied  the 
Diamond  Match  Company,  the  largest  match  manufacturer  in  the 
United  States,  in  competition  with  imported  phosphorus.  In  1897 
the  English  firm  of  Albright  &  Wilson,  under  the  firm  name  of  the 
Oldbury  Electro-Chemical  Company,  built  at  Niagara  Falls  a  300- 
horsepower  factory  of  the  Readman  type,  wliich  has  since  supplied 
the  Diamond  Match  Company  and  furnished  the  major  portion  of 
the  domestic  product.  This  company  has  recently  made  a  further 
improvement  in  its  plant  by  introducing  the  Irvine  patent  furnace, 
and  it  is  reported  that  by  this  method  80  to  90  per  cent  of  the  phos- 
phorus is  extracted  from  the  raw  material,  a  high-grade  phosphate 
rock.     This  is  similar  to  the  results  obtained  in  the  English  works. 
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where  86  per  cent  is  recovered.  The  company  has  six  furnaces  of 
50  horsepower  each,  with  a  daily  capacity  of  170  pounds  of  phos- 
phorus, a  total  of  1,020  pounds  a  day.  The  production  varies 
according  to  the  demand. 

The  General  Chemical  Company,  a  small  domestic  manufacturer 
and  the  successor  of  Mr.  Phillips  in  Philadelphia,  recently  acquired 
the  Duncan  patent.  Another  company  was  formerly  established  at 
Long  Island  City,  N.  Y.,  where  it  operated  furnaces  by  electricity 
from  the  city  supply. 

At  the  census  of  1900  three  establishments  were  reported  in  opera- 
tion, but  at  the  1904-5  census  only  the  Oldbury  Electro-Chemical 
Company,  of  Niagara  Falls,  reported. 

The  American  Phosphorus  Company  built  its  first  mill  at  Moores 
Mill,  near  Mount  Holly  Springs,  Pa.,  in  1902,  and  the  old  method  of 
heating  by  gas  was  employed.  This  mill  burned  down  and  another 
was  built  and  put  into  operation  by  1905.  Electric  furnaces  were 
installed  in  the  new  plant  and  operated  during  1905,  but  the  pro- 
duction of  electricity  by  steam  was  too  expensive,  and  in  1906  the 
mill  was  moved  to  Yorkhaven,  Pa.,  where  electricity  generated  by 
water  power  could  be  had.  The  process  in  use  by  this  company  is 
that  of  G.  C.  Landis,'its  chemist,  and  is  kept  a  secret,  as  it  is  claimed 
that  it  is  a  marked  improvement  on  previous  methods.  As  far  as 
could  be  learned  for  publication  without  detriment  to  the  company's 
interest,  the  wavellite  (aluminum  phosphate)  and  phosphorite  (cal- 
cium phosphate),  which  at  present  is  obtained  from  South  Carolina, 
are  roasted,  mixed  with  silica  and  charcoal,  and  reduced  in  a  pat- 
ented electric  furnace.  The  slag  is  removed  every  three  or  four 
hours,  and  the  phosphorus  fumes  are  condensed  under  water  in  the 
crude  yellow  waxy  form  which  requires  refinement.  Eighty-five  to 
90  per  cent  of  the  phosphorus  in  the  ore  is  said  to  be  extracted.  The 
average  production  of  this  plant  for  the  last  three  years  is  reported 
to  be  500  pounds  a  day. 

In  addition  to  the  domestic  production,  the  United  States  imports 
annually  30,000  to  40,000  pounds  of  phosphorus,  on  which  a  duty 
of  18  cents  a  pound  is  paid.  The  price  in  the  New  York  market 
ranges,  according  to  quality,  from  45  to  70  cents  a  pound. 

USES. 

Phosphorus  is  used  chiefly  for  making  matches,  which  were  first 
manufactured  on  a  commercial  scale  in  1833.  Parlor  matches  were 
invented  in  1848  and  safety  matches  in  1855.  The  white  phos- 
phorus is  used  for  ordinary  matches  and  the  red  amorphous  form  for 
safety  matches.  On  account  of  the  injury  to  health  in  making  and 
handling  the  ordinary  phosphorus  and  the  danger  from  fire  in  using 
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parlor  matches,  certain  European  countries  have  forbidden  the 
manufacture  and  sale  of  the  white  variety,  so  that  amorphous  phos- 
phorus and  safety  matches  are  coming  into  general  use.  The  newly 
discovered  crystalline  red  phosphorus  is  not  only  nonpoisonous,  but 
is  suitable  for  ordinary  matches. 

Phosphorus  is  sold  in  the  market  in  round  sticks  molded  through 
glass  tubes  and  is  usually  stored  imder  water.  Its  uses  other  than 
for  matches  are  for  fuse  compositions,  rat  and  insect  poison,  phos- 
phoric acid,  and  other  compounds  used  in  medicine  and  the  arts. 
It  is  also  used  in  the  precipitation  of  precious  metals,  electrotyping, 
and  in  phosphor-bronze. 
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SULPHUR  AND  PYRITE. 


THE  COVE  (REEK  SULPHUR  BEDS,  UTAH. 


Hy  Wiu,iH  T.  Lee. 


GENERAL  STATEMENTS. 

Location. — The  sulphur  deposits  here  described  are  owned  by  the 
Utah  Sulphur  Company,  of  Salt  Lake  City,  and  are  located  in  central 
Utah,  at  Sulphurdale,  a  small  mining  camp  about  20  miles  north  of 
Beaver,  Utah,  the  nearest  important  town.  The  camp  is  not  perma- 
nent and  is  deserted  during  the  winter  or  whenever  mining  operations 
cease.  The  deposits  are  situated  about  4  miles  south  of  the  site  of 
old  Cove  Fort  and  are  locally  known  as  the  Cove  Creek  sulphur  beds. 
They  are  conveniently  reached  by  team  from  Beaver,  but  the  railroad 
connection  or  shipping  point  is  Blackrock,  a  station  on  the  San  Pedro, 
Los  Angeles  and  Salt  Lake  Railroad  about  24  miles  northwest  of 
Sulphurdale. 

Occurrence. — The  sulphur  extends  from  the  surface  downward  to  a 
considerable  though  unknown  depth  in  beds  of  soft  rhyolitic  tuff  and 
varies  in  amount  in  different  parts  of  the  beds.  An  area  of  several 
acres  has  been  exploited,  the  sulphur  having: been  mined  more  or  less 
continuously  for  30  years,  but  the  lateral  exttJnc  as  wen  «,o  une  depth 
of  the  deposits  is  unknown. 

Neighboring  deposits. — =There  are  several  more  or  less  widely  sepa- 
rated deposits  of  sulphur  in  the  vicinity  of  Sulphurdale,  ranging  in  a 
general  northeast-southwest  direction.  One  deposit  3  miles  north  of 
the  camp  is  said  to  have  been  worked  to  some  extent,  but  the  other 
prospects  have  not  been  developed,  although  they  are  said  to  show 
indications  of  considerable  quantities  of  sulphur. 

GEOLOGY. 

Formations. — The  Paleozoic  sediments  of  the  plateau  region  prob- 
ably occur  at  a  considerable  depth  beneath  the  surface  at  Sulphur- 
dale. Their  nearest  exposures  are  at  the  north  end  of  Mineral  Moun- 
tains and  in  the  Beaver  River  range  to  the  west,  where  they  dip 
eastward  beneath  the  extrusive  rocks  which  cover  the  surface. 
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The  Tushar  Mountains,  near  the  north  end  of  which  the  sulphur 
beds  occur,  are  composed  of  eruptive  rock  consisting,  so  far  as 
examined,  of  flows,  breccias,  and  tuffs  of  rhyoHte  overlain  in  places 
by  andesite.  Much  of  the  tuff  is  soft,  fine-grained,  and  snowy  white. 
The  rhyolites  presumably  rest  upon  sedimentary  rocks,  as  in  neigh- 
boring regions,  and  are  apparently  several  thousand  feet  thick.  The 
sulphur  occurs  in  the  white  tuff,  which  some  of  the  miners  call 
^'gypsum/' 

In  the  vicinity  of  Sulphurdale  basalt  overlies  the  rhyolites  and 
andesites  in  slightly  eroded  flow  sheets  and  crater  cones.  Two  con- 
spicuous cones  having  well-defined  craters  occur  near  the  sulphur 
beds,  one  about  10  miles  to  the  southwest,  the  other  3  miles  west  of 
the  camp.  Still  other  cones  and  associated  flows  are  situated  farther 
north,  forming  a -linear  group  lying  essentially  parallel  to  the  neigh- 
boring mountain  ranges.  The  fresh  appearance  of  the  lavas  and  the 
slight  amount  of  erosion  of  the  cones  indicate  recent  formation,  and 
lavas  of  similar  character  near  Blackrock  rest  upon  the  Bonneville 
beds,  from  which  fact  it  seems  probable  that  the  cones  were  formed 
during  late  Quaternary  time. 

Structure, — There  are  reasons  for  believing  that  the  sulphur  beds 
are  located  in  or  near  a  zone  of  intense  faulting  and  volcanic  activity 
and  that  the  conflicting  forces  causing  the  disturbances  have  not  yet 
reached  a  state  of  equilibrium.  Evidence  of  this  is  found  not  only  in 
the  vicinity  of  Sulphiu'dale,  but  for  long  distances  both  north  and 
south  of  this  place. 

Along  the  western  border  of  the  high  plateaus  of  Utah,  from  St. 
George  northeastward,  several  basins  have  been  formed  by  faulting, 
accompanied  or  followed  by  the  movement  of  large  crust  blocks.  Rush 
Lake  Valley  and  Parowan  Valley  are  perhaps  the  most  conspicuous  of 
these  basins.    T^  f  the  plateau  to  the  east  lie  essentially  hori- 

zonvai,  wmie  i^.  *se  to  tne  west  dip  eastward  beneath  the  valleys.  In 
the  Beaver  basin  this  simple  relation  is  complicated  by  the  great 
masses  of  effusive  rock  which  cover  the  sediments,  but  west  of  the 
basin,  in  the  vicinity  of  Minersville,  and  again  at  the  north  end  of 
Mineral  Range,  the  Paleozoic  sediments  appear  underneath  the  effu- 
sives,  dipping  eastward  beneath  the  basin.  From  this  it  is  inferred 
that  Beaver  Valley,  like  those  farther  south,  is  due  tocrustal  movement 
and  that  the  great  fault  zone  which  follows  the  western  margin  of  the 
plateau  through  Rush  Lake  and  Parowan  valleys,  and  along  which 
displacements  of  thousands  of  feet  are  known  to  have  occurred,  prob- 
ably continues  through  Beaver  Valley,  and  thence  northeastward 
past  Sulphurdale. 

Several  phenomena  noted  mark  this  zone  as  one  of  recent  disturb- 
ance. The  line  of  sulphur  beds,  from  which  hydrogen  sulphide  is  still 
escaping  in  large  quantities,  and  less  exactly  the  line  of  the  recent 
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volcanic  cones,  coincide  with  it  or  lie  parallel  to  it.  The  region 
between  St.  George  and  Fillmore  is  known  as  a  zone  of  frequent  and 
severe  earth(iuakes,  several  shocks  of  sufficient  force  to  destroy  build- 
ings having  occurred  there  within  the  memory  of  men  still  living  in 
this  vicinity. 

SULPHUR. 
CHARACTER   OF   ORE. 

Some  of  the  sulphur  occurs  in  cylindrical  masses  or  cores  10  or  15 
feet  in  diameter,  having  a  rude  radial  structure,  as  if  they  had  been 
formed  about  a  central  vent  that  extended  downward  into  the  beds 
of  tuff,  but  it  occurs  mainly  as  a  dark-colored  impregnation  or 
cementing  substance  in  the  rhyolitic  tuff.  In  certain  places  it  appears 
as  irregular  veins  of  nearly  pure  yellow  sulphur  ramifying  through  the 
beds.  These  veins,  some  of  which  are  several  inches  thick,  are  usually 
banded  parallel  to  the  walls  and  are  evidently  filled  fissures.  The 
sulphur  is  apparently  deposited  in  some  way  from  solution,  since  in 
several  places  acid  water,  an  analysis  of  which  is  given  below,  was 
found  issuing  from  small  fissures  partly  filled  with  yellow  sulphur. 
Here  and  there  a  small  cavity  is  lined  either  with  flowers  of  sulphur 
or  with  sulphur  crystals. 

The  ore  varies  greatly  in  richness;  at  some  places  there  is  only  a 
trace,  at  others  there  are  masses  of  practically  pure  sulphur.  Samples 
taken  at  the  extremities  of  the  workings  have  been  analyzed  by  E.  C. 
Sullivan,  of  the  United  States  .Geological  Survey,  and  found  to  con- 
tain, respectively,  80  and  65  per  cent  of  sulphur.  The  first  sample  was 
taken  from  a  horizontal  sheet  8  feet  thick  and  the  second  from  a  verti- 
cal dikelike  body  4  feet  thick.  There  is  a  large  quantity  of  equally 
rich  ore  and  much  that  is  not  so  rich.  Material  having  as  low  as  15  per 
cent  of  sulphur,  however,  is  considered  paying  ore. 

The  cost  of  production  is  doubtless  much  greater  than  it  would  be  if 
the  mining  were  done  on  a  scale  sufficiently  large  to  warrant  the  instal- 
lation of  modern  machinery.  The  stripping  to  a  depth  of  10  feet  or 
more  is  done  entirely  by  horses  and  scrapers,  much  of  the  material  hav- 
ing been  moved  several  times,  and  the  ore  is  removed  by  manual  labor, 
whereas  both  operations  might  easily  be  performed  with  steam  shovels 
at  greatly  reduced  cost. 

At  the  smelter  the  ore  is  placed  in  iron  retorts  and  the  sulphur  melted 
out  by  steam,  which  is  forced  into  it  under  a  pressure  of  about  60 
pounds,  representing  a  temperature  of  144°  C.  The  melted  sulphur 
finds  its  way  to  the  bottom  of  the  retort  and  is  drawn  off  into  iron 
receptacles,  in  which  it  cools  and  hardens  into  cakes  weighing  about 
200  pounds  each.  In  this  form  it  is  stored  until  needed,  when  it  is 
ground  into  flour  and  sacked  for  shipment.  The  rate  of  extraction  is 
slow,  but  experience  has  shown  that  an  attempt  to  hasten  it  by  raising 
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the  tiemperature  of  the  steam  results  in  diminishing  the  output  and  in 
some  cases  has  almost  wholly  stopped  the  process.  The  steam  pres- 
sure employed  varies  somewhat  with  the  kind  of  ore.  Cedar  wood, 
which  grows  in  abundance  in  this  vicinity,  is  used  as  fuel. 

The  sulphur  as  it  comes  from  the  retort  has  been  analyzed  by  Her- 
man Harms,  State  chemist  of  Utah,  who  reports  the  composition  as 
follows : 

Anxilysw  of  sulphur  from  retort  at  Sulphurdah,  Utah. 

Sulphur 99.  71 

Nonvolatile  resid no.  (silica,  iron  oxido,  etc.) 23 

Free  sulphuric  acid  : Trace. 

Sulphurous  acid 0 

Arsenic 0 

Moisture  at  100°  C 06 

100.00 
ORIGIN. 

Several  facts  noted  seem  to  point  clearly  to  the  mode  of  origin  of 
the  sulphur.  The  geologic  relations,  previously  stated,  indicate  that 
the  deposits  are  on  or  very  near  a  fault  line  and  are  closely  associated 
with  volcanic  rocks.  The  presence  of  a  recently  extinct  volcano  to 
the  west,  the  flows  from  which  extend  within  about  a  mile  of  the 
sulphur  beds,  suggests  that  the  sulphur  may  have  resulted  from  the 
eruptions  of  this  volcano.  Gas  is  now  escaping  here  in  large  volumes; 
in  some  places  through  vents  suggesting  those  supposed  to  have  given 
rise  to  the  cylindrical  cores  of  sulphur;  in  other  places  through  thou- 
sands of  small  jets  from  the  porous  beds  of  tuff,  giving  rise  to  the 
general  dissemination  of  the  sulphur  through  the  beds.  Wherever 
water  stands  in  the  excavations  the  gas  boils  up  through  it  at  short 
intervals.  No  sulphur  dioxide  (SOg)  was  noted,  but  the  disagreeable 
odor  of  hydrogen  sulphide  (HgS)  was  strongly  perceptible.  The 
occurrence  of  large  quantities  of  hydrogen  sulphide  suggests  that  this 
gas  is  the  source  of  the  sulphur.  When  it  comes  into  contact  with 
oxygen  in  the  porous  tuff  near  the  surface  it  is  probably  oxidized, 
losing  its  hydrogen  and  dropping  the  sulphur  as  expressed  by  the 

simple  formula: 

H2S  +  0  =  H20  +  S. 

The  sulphur  being  a  solid  remains  where  it  is  set  free  in  the  porous  tuff. 
If  this  explanation  is  correct,  continued  oxidation  would  form  a  cer- 
tain amount  of  sulphur  trioxide  (S-r30  =  S03),  which  in  combination 
with  water  forms  sulphuric  acid  (H20  +  S03  =  H2S04).  It  is  a  matter 
of  interest  in  this  connection  to  observe  that  the  water  issuing  from 
the  beds  is  strongly  charged  with  acid,  as  shown  by  the  following 
analysis  made  by  W.  M.  Barr,  of  the  United  States  Geological  Survey: 
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Analysis  of  water  from  Cove  Creek  sulphur  beds. 

[Parts  per  million.] 

Dissolved  solids  at  180° .^ 8,  816 

Dissolved  solids  at  130° 10, 810 

Suspended  matter 52 

SUica  ( SiOa) 124 

Ferrous  oxide  (FeO) 560 

Ferric  oxide  (FeaOa) 802 

Aluminum  ( Al) 0 

•Calcium  (Ca) 158 

Magnesium  (Mg) 232 

Sodium  (Na)  1 
Potassium  (K)/ 

Carbonate  radicle  (CO3) 0 

Bicarbonate  radicle  (HCO3) 0 

Sulphate  radicle  (SO4) 7,  G02 

Free  sulphuric  acid  (H2SO4) 4,  523 

Chlorine  (Cl)!f 79 

Nitrate  radicle  (NO3) 1.  7 

Free  sulphur  (S) 3.  0 

Note. — C/onstant  loss  of  dissolved  solids  occurs  when  heated  alx)ve  130°.  Heated 
at  180°  not  constant.  Sample  had  free  hydrt>gen  sulphide  (HgS)  when  collected, 
with  possible  presence  of  sulphur  dioxide  (SO2). 

The  veins  filled  with  yellow  sulphur  and  the  cavities  lined  with  . 
crystals  or  flowers  or  sulphur  might  be  interpreted  as  indicating  that 
the  sulphur  came  up  in  melted  or  vaporized  condition.     The  quan- 
tity occurring  in  this  way,  however,  is  very  small  compared  with 
that  contained  in  the  tuff,  and  may  be  due  to  some  secondary  action. 

CONCLUSION. 

The  facts  and  inferences  regarding  the  occurrence  and  origin  of 
the  Cove  Creek  sulphur  deposits  may  be  summarized  as  follows: 

There  are  valuable  deposits  of  sulphur  not  only  at  Sulphurdale, 
where  it  is  being  extracted,  but  at  several  other  localities  in  the  same 
neighborhood.  The  Cove  Creek  sulphur  beds  have  supplied  the  local 
market  for  about  thirty  years,  their  average  annual  output  being  esti- 
mated at  1 ,000  tons.  The  sulphur  is  probably  the  result  of  volcanic 
action,  as  is  shown  by  its  presence  in  a  volcanic  region  where  recent 
eruptions  have  occurred.  It  is  presumably  derived  from  hydrogen 
sulphide,  which  is  still  escaping  in  large  quantities,  and  its  concentra- 
tion  in  the  beds  of  rhyolitlc  tuff  is  probably  due  to  the  general  dis- 
semination of  the  gas  through  the  porous  material  near  the  surface, 
where  it  comes  in  contact  with  oxygen  which  unites  with  the  hydrogen 
to  form  water,  leaving  the  sulphur  as  a  cementing  substance  in  the 
loose  material.  The  process  of  formation  and  concentration  is  appar- 
ently active  at  the  present  time. 
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Olivine,  analysis  of 126 

Oklahoma,  copper  deposits  in,  reference  to.     101 

Omaha  incline,  Wyo.,  copper  ores  in 105 

Ooltewah,  Tenn.,  paint  ore  at,  analysis  of. .      433 

Ore  Bank  station,  Pa.,  shale  at 337 

O  rcutt ,  Cal. ,  diat omaceous  earth  at 444 

Oregon,  nickel  ores  in 120-127 

work  in,  on  metalliferous  ores 18 

Ottawa,  111.,  quarry  methods  at 370 

Ostwald, ,  cited  on  colloids 280 

Owensboro,  glass  works  at 363 

Oxmoor  sandstone,  use  of,  for  glass  sand . .     377 

P. 

Pahasapa  limestone,  analysis  of 235-236 

occurrence  of : 235-236 

Paints,  mineral,  papers  on 430-437 

use  of  hematite  in 430-434 

Paper  making,  use  of  clay  for 333 

Park  View  mine,  Colo.,  operations  and  ores 

at 27 

Poctoids,  definition  of 280 

presence  of,  in  fuller's  earth 280-282 

properties  of 281-282 

I'egmatites,  composition  and  character  of. .     383. 

385-386,394, 405-406, 422 
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Pegmatites,  geologic  occurrence  of 383-384, 

394-^95,403-404 

mica  in 400-418,423,425 

origin  of : 418-420 

sections  of.  ligures  showing 413, 416 

Pendleton,  Ind.,  glass  sand  near 365 

Pennsylvania,  clays  in.  paper  on 322-334 

clays  and  shales  in,  work  on 335-354 

iron  ores  of,  work  on 22 

magnetite  in,  work  on 185-189 

mineral  paint  ores  of.    See  Lehigh  Gap, 

Pa. 
phosphorus  ore  in.    See  Mount  Holly 
Springs,  Pa. 

Pensacola,  Fla. ,  glass  sand  at 378 

glass  sand  at,  analysis  of 382 

Peppcl,  S.  v.,  cited  on  cost  of  making  sand- 
lime  brick 257 

Peridotite,  analysis  of 126 

Peru  Township,  Iowa,  limestone  and  shale 

from,  analyses  of 228 

l*erry,  Ga.,  clay  beds  near 312-313 

Phalen,  W.  C,  and  Martin,  Lawrence,  paper 
by,  on  clays  and  shales  in  Cam- 
bria County,  Pa 344-354 

Philadelphia    Clay    Company,    clay    beds 

worked  by 322,324,327 

operations  of 327-330 

Philipsburg    quadrangle,    Mont.,    general 

geology  of 33-35 

ore  in,  distribution  and  character  of 35 

ore  production  of 33 

report  on  ore  deposits  in 31-55 

Phillips,  A,  J.,  analyses  by 234, 

235,237,238,241,242,243 

Phillips,  W.  B.,  analyses  by 176, 249 

cited  on  silica  in  Knox  dolomite 253-254 

Phlogopite,  importation  of 400 

Phosphates  and  phosphorus,  papers  on. . .  449-482 

Survey  publications  on,  list  of 483 

Phosphate-bearing  rocks,  description  of. .  452-453 
Phosphate  deposits  (developed),  northern 

Arkansas,  paper  on 463-473 

Pennsylvania,  paper  on 474-483 

western  United  States,  paper  on 449-462 

work  on 26 

Phosphorite,   extraction    of      phosphorus 

from 47 

Phosphorus,  manufacture  of. 474, 478-481 

production  of 481-482 

uses  of 482-483 

^ierre  shale,  analyses  of 238, 243 

occurrence  of 237-238, 243 

^igeon  Hill  quarry,  granite  of,  composition 

of 358 

i'ine  Bar  gold  diggings,  Snake  River,  Wyo., 

operations  at 78-79 

^ine  Grove  Furnace,  Pa.,  brick  clays  used   " 

at 324, 325 

clay  beds  at 332 

^iney.  Pa.,  clay  near 341, 342 

'iney  Mountain,  Oreg.,  nickel  deposits  at.  120-127 
^inkney,  Tenn.,  iron  ores  from,  analyses  of.      154 

?*iollett,  Pa.,  clay  near 342 

;*ipe  clay,  analyses  of 272 

tests  of 275 
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Pismo  formation,  diatomaceous  earth  in .  439, 445 

Plasters,  materials  for,  work  on 24 

Survey  publications  on 266 

Platinum,  occurrence  of,  in  Snake  River 

gravels 87-88 

Survey  publications  on,  list  of 129 

Plattevllle  formation,  analyses  of  rocks  in.  228, 229 

sections  of 227-229 

Plumtree,  N.  C,  mica  near 407, 409 

Poland,  Me.,  feldspar  at 392 

Polk  Bayou  limestone,  description  of 466, 473 

Porter,  J.  T.,  paper  by,  on  properties  and     , 

tests  of  fuller's  earth 268-290 

work  of 24 

Portland,  Or^.,  electric  smelting  at . . . 212 

Portland  cement,  cost  of  making 244 

demand  for 232 

plant  for  making,  cost  of 244 

plants  for  making,  location  of,  in  West- 
em  States,  map  showing 240 

Survey  publications  on,  list  of 245-246 

work  on 225-244 

Potomac  formation,  Ga.,  clays  of 304-306 

Potosi  Station,  Wis.,  section  of  Platteville- 

Galena  beds  near 229 

Potsdam  sandstone,  use  of,  in  glass  making      378 

Potter,  Clark,  farm  of,  clay  on 341 

Pottsville  formation,  clays  in 337, 

339.345,348-349.3,')0-351  ' 

section  of 3.3r» 

use  of,  for  glass  sand 3f)7 

Powdermill  Creek,  N.  C,  mica  near 409 

Preuss  Range,  Idaho,  phosphates  in  and 

near 450 

structure  in 454 

Prince  Metallic  Paint  Company,  works  of . .      436 
Prince's    Manufacturing    Company,   paint 

works  of 436 

Prouty,  W.  F.,  work  of 247 

Publications  of  the  Survey,  form  and  char- 
acter of , 8-13 

Purdue,  A.  H.,  paper  by,  on  developed  phos- 
phate deposits  in  northern  Ar- 
kansas   463-473 

work  of 25 

Puzzolan  cement.    See  Cements. 

Pyrlte  and  sulphur,  papers  on 483-489 

Survey  publications  on 490 

Q. 

Quartz,  deposits  of,  work  on 24 

manufacture  of 388 

occurrence  of 406 

uses  of 387-397 

See  also  Maine,  x)egmatites  of;  quartz  of. 

Quartz  and  feldspar,  papers  on 383-399 

See  also  Pegmatites. 

Quicksilver,  Survey  publications  on,  list  of .      129 

Quincy  granites,  shades  of,  cause  of 358 

R. 

Ransome,  F.  L.,  cited  on  Silverton  quad- 
rangle, Colorado 26 

work  of 16, 17-18 

Ransome,   F.   L.,  and  HlUebrand,   F.  L., 

quoted  on  camotlte  of  Colorado      111 
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Ransome,  F.  L.,  Cross,  Whitman,  and  Howe, 
Ernest,  cited  on  Silverton  min- 
ing district 26 

Rapp,  John,  farm  of,  clay  on 341 

Rattlesnake   Canyon,    Cal..    diatomaceous 

earth  in 444 

Red  Gap,  Ala.,  geologic  sections  near 136, 141 

glass  sand  at 377 

Red  Mountain,  Ala.,  geologic  section  on. .  136-137 

Roidsburg,  Pa.,  clay  near 342 

Reigate,  England,  fuller's  earth  from,  analy- 
sis of 277 

Republic  Iron  and  Steel  Company,  quarry 

of,  limestone  from,  analysis  of. .      248 

Rhode  Island,  granites  of,  work  on 357-359 

Richards,  R.  II.,  analysis  l)y 209 

Richards,  R.  II.,  and  Day,  D.  T.,  cited  on 

black  sands  of  Snake  River 78 

.    Ricketts,  L.  D.,  cited  and  quoted  on  copper 

ores  of  Wyoming 100 

report  ))y,  containing  references  to  cop- 
per deposits  in  Wyoming,  refer- 
ence to 93 

Riddles,  Oreg.,  nickel  ores  near 120-127 

nickel  ores  near,  analyses  of 123, 124 

ore  deposits  near,  work  on •. 18 

Ries,  Ileinrich,  cited  on  brickmaking  shale 

of  Alabama 293 

%^        cited  on  colloidal  particles  in  clays 280 

cited  on  fuller's  earth 278 

cited  on  plasticity  of  clays 273 

tests  of  clay  made  by 309,310 

Riggs,  R.  B.,  analyses  by 230 

Rimersburg,  Pa.,  clay  near 338, 342 

Riser  Mountain,  Ala.,  ores  of,  analyses  of . .      177 

prospects  on,  description  of 170-171 

Road  metal  and  building  stone,  paper  on. .  356-359 

Survey  publications  on,  list  of 360 

Roan  gneiss,  mica  in 403-404 

Robbers  Cave,  Ncbr.,  glass  sand  at 381 

glass  sand  at,  analysis  of., 382 

Rockbridge,  Ohio,  glass  sand  at 367, 373 

Rockport,  Mass.,  granite  of,  composition  of.      358 
Rogers  Bar,  Columl)ia  River,  gold-bearing 

gravels  at 65-66 

Rockville,  Pa.,  clay  near 337 

Rockwood,  Colo.,  limestone  from,  analysis 

of 298 

Rockwood  formation,  description  of. .  135-146, 149 

hematite  in,  use  of,  for  paint 431-434 

sections  of 136-139, 144-145 

Rossi,  A.  J.,  cited  on  smelting  of  titaniferous 

iron  ores 211 

Russell,  I.  C,  cited  on  geology  of  Washing- 
ton         59 

Russellville  district,  Ala.,  geology  of 152-153 

iron  ores  of,  paper  on 152-160 

topography  of 152 

S. 

Sage,  Wyo.,  phosphates  on 456 

St.  Clair  limestone,  description  of 467 

St.  Joe  marl)le,  description  of 467 

St.  John,  Orestes,  cited  on  placer  mining  on 

Snake  River 76 
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St.  Louis,  Mo.,  clays  near,  paper  on 315-321 

St.  Louis  and  Montana  Mining  Company, 

operations  of 32 

St.  Peter  sandstone,  use  of,  in  glass  making.     it78 
Salisbury,  R.  D.,  cited  on  glacial  deposits  in 

Washington 59 

Salt,  Survey  publications  on 267 

Salt  Creek,  Wyo.,  shale  near,  analysis  of. .  236, 23r 
San  Juan  Valley,  N.  Mex.,  clay  industry  in. . 
San    Julian    Rancho,   Cal.,    diatomaceous 

earth  on 44i. 

San  Luis  quadrangle,  Cal.,  diatomaceous 

earth  in 445 

San  Miguel  mine,  N.  Mex.,  geologic  section 

near 263 

gypsum  near,  analysis  of 264 

Sand-lime  brick,  bibliography  of 258 

description  of 256 

manufacture  of,  near  Birmingham,  Ala., 

paper  on 256-258 

Sand  Mountain,  Ala.,  sandstone  from,  an- 
alysis of 257 

Sands,  l)lack,  of  Columbia  River,  Wash., 

mineral  composition  of 61 

Sanpoil  Valley,  goid-l)earing  sands  in 68-69 

Santa   Lucia  Canyon,  Cal.,   diatomaceous 

earth  in 441-442 

Santa  Margarita  formation,  diatomaceous 

earth  in 439, 445 

Santa    Maria,    Cal.,    diatomaceous    earth 

near 444-445 

Santa     Rita,    Cal.,     diatomaceous    earth 

ne^r 442-443 

Santa  Ynez,  Cal.,  diatomaceous  earth  near.      443 
Santa  Ynez  River,  Cal.,  diatomaceous  earth 

near 440-441,443 

Savage  claim,  Wyo.,  description  of i . . .      424 

Savannah  River,  Oa.,  glas^,  sand  at 378 

Sawdust,  etc.,  use  of,  as  fuel 231 

Sayreton,  Ala.,  sand-lime  brick  plant  near, 

notes  on 257-258 

Schaller,  W.  T.,  analyses  and  tests  by 95, 

111-112,219,221,264 
Schleuter,  II.  C,  work  done  in  conjunction 

with 71 

Schultz,  A.  R.,  paper  by,  on  gold  deposits  in 

Wyoming 71-88 

work  of 19 

Schumann,  Cal.,  diatomaceous  earth  near..  443-444 

Seillord, ,  analyses  by 177 

Senorita,  N.  Mex.,  geologic  section  at 263 

gypsum  at 263 

Seward,  Pa.,  clay  from,  analysis  of 348 

Seward  Coal  Company,  mine  of,  clay  from, 

analysis  of 348 

Seward  County  mine,  Colo.,  ores,  etc.,  at . . .       29 

Shale,  analyses  of 297,300 

Shaler,  M.  K.,  paper  by,  on  gypsum  in  north- 
western New  Mexico. 260-265 

Shaler,  M.  K.,  and  Gardner,  J.  H.,  paper  by, 

on  clays  of  Durango-Gallup  coal 

field 296-302 

Shales,  Cambria  County,  Pa.,  paper  on...  344-354 

Clarion  County,  Pa.,  paper  on 335-443 

Sheffield  Coal  and  Iron  Company, mines  of.  157-158 
ores  of,  analyses  of 164 
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Sheridan,  Pa.,  quarry  near,  section  at 349 

Shippensville,  Pa.,  clay  near 341 

Siderlte,  occurrence  of 197,204 

origin  of 198 

Sierra  Nacimiento,  N.  Mex.,  geology  of.. .  261-262 

gypsum  near,  paper  on 260-265 

Silurian  sandstones,  use  of,  as  glass  sand. . .    364- 

365,367 

Silver  and  gold,  papers  on 26-88 

Survey  publications  on 89-92 

Silver  Cliff  mine,  Wyoming,  copper  ores  at. .      104 

Silver  Star  tunnel,  Colo.,  ores  at 28 

Silverton  mining  district,  Colo.,  Lake  Fork 

extension  of,  paper  on »>-30 

Simons,  F.  D.,and  Crampton,  C.  A.,  quoted 

on  fuller's  earth 284, 279-280, 284 

Simpson,  J.  H.,  cited  on  gypsum  in  New 

Mexico 260, 265 

Sioux  City,  Iowa,  glass  sand  near 378-379 

glass  sand  near,  analysis  of 382 

Sisquoc,  Cal.,  diatomaceous  earth  near 444 

Sixmlle  Bar,  Columbia  River,  gold-bearing 

gravels  at 64 

Sleepy  Cat  Mountain,  Colo.,  geology  of  re- 
gion at  and  near 112-113 

Sligo,  Pa.,  clay  near 338,341,342 

Sligo  Fire  Brick  Company,  clays  of,  anal- 
yses of 340 

Sloan,  Earle,  quoted  on  fuller's  earth 279 

Sloss  Iron  Company,  quarry  of,  dolomite 

from,  analysis  of 253 

quarry  of,  limestone  from,  analyses  of..      251 
Sloss-Sheffield  Steel  and    Iron   Company, 

mines  of 157 

ores  of,  analyses  of 154 

quarry  of,  limestone  from,  analysis  of. .      248 

Smectite,  analysis  of 276 

Smith,  E.  A.,  analyses  by 176 

cited  on  rocks  near  Columbiana,  Ala. . .      173 
Smith,   E.   E.,  work  done  In  conjunction 

with 71,74 

Smith,  G.  O.,  cited  on  geolog>  of  part  of 

Washington 58 

cited  on  mica  production '. 400 

note    by,    on    a   mineral   prospect   in 

Maine 118-119 

Smitn,  Cm.  O.,  and  Calkins,  F.  C,  cited  on 

geology  of  part  of  Washington .       59 
Smith,  P.  S,,  paper  by,  on  gray  iron  ores  of 

Talladega  County,  Ala 161-184 

Smith,  W.  S.  T.,  report  by,  containing  refer- 
ences to  copper  deposits  in  Wy- 
oming, reference  to 93 

Smith,  W.  S.  T.   and  Darton,  N.  H.,  cited 

on  Guernsey  formation 102 

Smiths  Fork,  Wyo.,  phosphates  on 456-457 

Snake  River,  gold  placers  on,  gold  values  in.  83-86 

gold  placers  on,  platinum  in 87-88 

source  of  gold  of 88 

work  on 71-88 

Soda,  Survey  publications  on 267 

Sonnhalter    Sand    and    Stone    Company, 

quarry  of 373, 374 
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Sorenson  gold  diggings,  Snake  River,  opera- 
tions at 80 

Soudan  mine,  Minn. ,  copper  at 101 

South  Fork,  Pa.,  clays  and  shales  neVr.. .  350-352 
South  Mountain,  Pa.,  clays  of,  paper  on. .  322-334 

map  of  part  of 327 

Spechts  Ferry,  Iowa,  section  of  Platteville 

rocks  at 228 

Spencer,  A.  C,  paper  by,  on  magnetite  de- 
posits in  Pennsylvania 185-189 

work  of 22, 185 

Spencer  siding,  Wyo.,  shale  near,  analysis 

of.... 238 

Stansbury,  Howard,  quoted  on  iron  ores  of 

Iron  Mountain,  Wyo 207 

Stanton,  T.  W.,  fossils  studied  by 72 

Stelger,  Geoi^,  analyses  and  tests  made 

by 114,124,120 

Stein,  Joseph  L.,  acknowledgments  to 93 

Sterrett,  D.  B.,  paper  by,  on  mica  deposits 

in  western  North  Carolina 400-422 

work  of 24 

Stockade  Beaver  Creek,   Wyo.,  limestone 

near,  analyses  of 235-236 

Stocki)ridge  dolomite,  occurrence  of 394 

Stose,  G.  W.,  paper  by,  on  clays  of  South 

Mountain,  Pa 322-3:^4 

paper  by,  on  phosphorus  ore  at  Mount 

Holly  Springs,  Pa 474-483 

work  of 25 

Stranger  Creek,  Columbia  River,  gold-h)ear- 

ing  gravels  at  mouth  of 67 

Strasburg,  Ohio,  glass  sand  at 374 

Strattonvilie,  Pa.,  clay  near 338, 342 

Structural  materials,  work  on 23-24 

Sublette  Range,  Wyo.,  phosphates  in 450,457 

structure  of 453 

Sugar  Pine  Creek,  Utah,  phosphates  on 455 

Sullivan,  E.  C,  analyses  by 209, 348, 352, 487 

cited  on  origin  of  copper  ores 105 

cited  on  Wyoming  graphite 427 

Sulphur  and  pyrite,  papers  on 483-489 

Survey  publications  on 490 

Sulpburdale,  Utah,  sulphur  at  and  near 483  V 

Sunrise  copper  mine,  Wyo.,  output  of 99 

rocks  and  ores  at 99-101 

Sunrise  mine,  Wyo.,  production  of. . . .- 193 

Swan  Lakes,  Idaho,  phosphates  near 461-462 

Swingle  (J.  S.)  quarry,  granite  of,  composi- 
tion of 358 

Sycamore,  Ala.,  hematite  near,  analysis  of. .      176 

Sylvania,  Ohio,  glass  sand  at 367, 370-371 

glass  sand  at,  analysis  of 376 

Sylvania  sandstone,  use  of,  for  glass  sand.  370-371 
Symons,  T.  W.,  cited  on  placer  mining  on 

Columbia  River,  Wash 56 

T. 

Tallaseehatchee  mine.    See  Mesaba  mine. 
Tanyard  Gap,  Ala.,  geologic  section  in 138 

geologic  relations  and  development  of.  433-434 
Tennessee,  hematite  in,  mining  of 430-431 

hematite  in,  use  of,  in  paint 430 
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Tennessee,  iron  ores  in,  occurrence  of 156 

iron  ores  in,  work  on 21 

Tennos.sfo  Coal,  Iron  and  Railroad  Com- 
pany, mines  of,  sections  of  iron- 
ore  seams  in 143, 144 

Tennessee    Republic  Company,  quarry  of, 

dolomite  from,  analysis  of 253 

Terre  Ilaute,  Ind.,  glass  works  at 368 

Tertiary  deposits,  use  of,  for  glass  making. .      366 

Thomas  Fork,  Wyo.,  phosphates  on 457 

Thompson  (Horace)  mine,  N.  C,  descrip- 
tion of 414 

Thorn  Mountain  mine,  N.  C,  description 

of 411-412 

Tin,  Survey  publications  on,  list  of 129 

Tip  Top,  Ky .,  glass  sand  at 363. 3<)9-370 

glass  sand  at,  analysis  of 376 

Titan iferous  iron  ore,  impurities  in,  analysis 

of 212 

occurrence  of,  in  Wyoming 206-212 

Toboso,  Ohio,  glass  sand  at 372-373 

Toledo  Stone  and  Glass  Company,  quarry 

of 370-371 

Tomstown,  Pa.,  clay  beds  at 325 

Trenton  Flint  and  Spar  Company,  mills  of.      387 

quarries  of 390 

Tripoli.    See  Diatomaceous  earth. 

Tniittsburg,  Pa.,  clay  near 342 

Truss ville,  Ala.,  glass  sand  near 377 

glass  sand  near,  analysis  of 382 

Tucker,  Thomas,  acknowledgments  to 190 

Tungsten,  Survey  publications  on,  list  of. . .      129 

Tunnel  Hollow,  Utah,  section  in. , . : 455 

Tuscaloosa  formation,  Ga.,  clays  of 304-306 

Tushar  Mountains,  geology  of 486 

Twelvemile  Creek,  Utah,  phosphates  on  . . .      455 
TwiBsburg,  Ohio,  glass  sand  at 374 

U. 

Uinta  Mountains,  Utah,  work  in 18 

Ulrich,  E.  O.,  fossils  determined  by 472 

Underwood  mine,  Pa.,  shale  at 337 

Upper  Mill,  Pa.,  wavellite  near 475 

Utah,  geology  of 450-451 

phosphates  in,  description  and  geology 

of 449-454 

occurrences  of 454-455 

section  in 450-451 

structure  in 453-454 

sulphur  in.    See  Cove  Creek,  Utah. 

work  in,  on  metalliferous  deposits 18 

Utah  Sulphur  Company,  mines  of 483 
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Van  Hise,  C.  R.,  cited  on  origin  of  hematite.      181 

cited  on  pegmatites 419-420 

Veatch,  A.  C,  cited  on  Crawford  Mountains 

structure 453 

cited  on  Wyoming  rocks 72 

Veatch,  Otto,  p&per  by,  on  kaolins  and  fire 

clays  of  central  Georgia 303-314 

work  of 24 

Versailles,  .Mo.,  glass  sand  ne^ir 380-381 

glass  sand  near,  analysis  of 382  , 


VtLge 

Virginia,  iron  ores  of,  work  on 21-22 

Von  Foullon,  H.  B.,  analysis  of  nickel  ore  by.      123 
cited  on  nickel  content  of  rooks  from 

Oregon 126 

cited  on  origin  of  nickel  ores  of  Oregon.      127 
paper  by,  on  nickel  ores  from  Oregon, 

referenceto 120 

W. 

Walcott,  C.  D.,  cited  on  Pennsylvania  geol- 
ogy   322,476 

Walker  Gap,  Ala.,  geologic  section  In 137 

War  p:agle  Creek,  Ark.,  phosphates  on 464 

Warwick,  Ohio,  glass  sand  at 374 

Wasatch  Range,  Utah,  structure  in 453 

Washbume,  C.  W.,  work  of 247 

Washington,  gold  in,  work  on 56-70 

work  in,  on  metalliferotis  deposits 19 

Waterloo  claim,  Idaho,  phosphates  at . . .  458-459 
Waupeton,  Iowa,  seclion  of  Platteville-Ga- 

lena  beds  near 229 

Wavellite,  extraction  of  phosphorus  from. .      474 

occurrence  of 474 

origin  of 477-478 

Wayah  Bald,  N.  C,  mica  near 412-413 

Wayah  Bald  mine,  N.  C,  mica  in 412-413 

section  in,  figure  showing 413 

Wayah  Gap,  N.  C,  mica  near 411 

Waynesville,  N.  C,  mica  near 409 

Weber  Canyon,  Utah,  phosphates  in.  450, 454-455 

section  of 454 

Wektu,  N.  C,  mica  near 416 

Weeks,  F.  B.,  and  Ferrier,  W.  F.,  paper  by, 

on  phosphate  deposits 449-462 
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CLASSIFICATION  OF  THE  PUBLICATIONS  OF  THE  UNITED  STATES  GEOLOGICAL 

SURVEY. 

[Bulletin  No.  315.] 

The  publications  of  the  United  States  Geological  Survey  consist  of  (1)  Annual  Reports, 
(2)  Monographs,  (3)  Professional  Papers,  (4)  Bulletins,  (5)  Mineral  Resources,  (6)  Water- 
Supply  and  Irrigation  Papers,  (7)  Topographic  Atlas  of  United  States — folios  and  separate 
sheets  thereof,  (8)  Geologic  Atlas  of  United  States — folios  thereof.  The  classes  num- 
bered 2,  7,  and  8  are  sold  at  cost  of  publication;  the  others  are  distributed  free.  A  circular 
giving  complete  lists  can  be  had  on  application. 

Most  of  the  above  publications  can  be  obtained  or  consulted  in  the  following  ways: 

1.  A  limited  number  are  delivered  to  the  Director  of  the  Survey,  from  whom  they  can  be 
obtained,  free  of  charge  (except  classes  2, 7,  and  8),  on  application. 

2.  A  certain  number  are  delivered  to  Senators  and  Representatives  in  Congress  for 
distribution. 

3.  Other  copies  are  deposited  with  the  Superintendent  of  Documents,  Washington,  D.  C, 
from  whom  they  can  be  had  at  prices  slightly  above  cost. 

4.  Copies  of  all  Government  publications  are  furnished  to  the  principal  public  libraries 
in  the  large  cities  throughout  the  United  States,  where  they  can  be  consulted  by  those 
interested. 

The  Professional  Papers,  Bulletins,  and  Water-Supply  Papers  treat  of  a  variety  of  subjects, 
and  the  total  number  issued  is  large.  They  have  therefore  been  classified  into  the  following 
series:  A,  Economic  geology;  B,  Descriptive  geology;  C,  Systematic  geology  and  paleon- 
tology; D,  Petrography  and  mineralogy;  E,  Chemistry  and  physics;  F,  Geography;  G,  Mis- 
cellaneous; H,  Forestry;  I,  Irrigation;  J,  Water  storage;  K,  Pumping  water;  L,  Quality  of 
water;  M,  General  hydrographic  investigations;  N,  Water  power;  O,  Underground  waters ; 
P,  Hydrographic  progress  reports.  This  paper  is  the  ninety-fifth  in  Series  A,  the  com- 
plete list  of  which  follows  (PP= Professional  Paper;  B=Bulletin;  WS=Water-Supply 
Paper) : 

SERIES  A,  ECONOMIC  GEOLOGY. 

B  21.  Lignites  of  Great  Sioux  Reservation:  Report  on  region  between  Grand  and  Moreau  rivers, 

Dakota,  by  Bailey  Willis.    1885.    16  pp.,  5  pis.    (Out  of  stock.) 
B  46.  Nature  and  origin  of  deposits  of  phosphate  of  lime,  by  R.  A.  F.  Penrose,  jr.,  with  introduction  by 

N.S.Shaler.    1888.    143  pp.    (Out  of  stock.) 
B  65.  Stratigraphy  of  the  bituminous  coal  field  of  Pennsylvania,  Ohio,  and  West  Virginia,  by  I.  C. 

White.    1891.    212  pp.,  11  pis.    (Out  of  stock.) 
B  111.  Geology  of  Big  Stone  Gap  coal  field  of  Virginia  and  Kentucky,  by  M.  R.  Campbell.    1893.  106  pp., 

6  pis.    (Out  of  stock.) 
B  132.  The  disseminated  lead  ores  of  southeastern  Missouri,  by  Arthur  Wmslow.    1896.    31  pp.    (Out 

of  stock.) 
B  138.  Artesian-well  prospects  in  Atlantic  Coastal  Plain  region,  by  N.  H.  Darton.    1896.    228  pp.,  19  pis. 
B  139.  Geology  of  Castle  Moimtain  mining  district,  Montana,  by  W.  H.  Weed  and  L.  V.  Pirsson.    1896. 

164  pp.,  17  pis. 
B  143.  Bibliography  of  clays  and  the  ceramic  arts,  by  J.  C.  Branner.    1896.    114  pp. 
B  164.  Reconnaissance  on  the  Rio  Grande  coal  fields  of  Texas,  by  T.  W.  Vaughan,  including  a  report 

on  igneous  rocks  from  the  San  Carlos  coal  field,  by  E.  C.  E.  Lord.    1900.    100  pp.,  11  pis.    (Out 

of  stock.) 
B  178.  El  Paso  tin  deposits,  by  W.  H.  Weed.    1901.    15  pp.,  1  pi. 
B  180.  Occurrence  and  distribution  of  corundum  in  United  States,  by  J.  H.  Pratt.    1901.    98  pp.,  14  pis. 

(Out  of  stock;  see  No.  269.) 
B  182.  A  report  on  the  economic  geology  of  the  Sllverton  quadrangle,  Colorado,  by  F.  L.  Ransome. 
1901.    266  pp.,  16  pis.    (Out  of  stock.) 
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IV  SERIES   LIST. 

B  304.  Oil  and  gas  fields  of  Greene  County,  Pa.,  by  Ralph  W.  Stone  and  Frederick  6.  Clapp.    1906. 

no  pp.,  3  pis. 
PP  56.  Geography  and  Geology  of  a  portion  of  southwestern  Wyoming,  with  special  reference  to  coal 

and  oil,  by  A.  C.  Veatch.    1907.    —  pp.,  26  pis. 
B  306.  A  geologic  reconnaissance  in  southwestern  Nevada  and  eastern  California,  by  S.  H.  Ball.    1907. 

218  pp.,  3  pis. 
B  309.  The  Santa  Clara  Valley,  Puente  Hills,  and  Los  Angeles  oil  districts,  southern  California,  by 

G.  H.  Eldridge  and  Ralph  Arnold.    1907.    —  pp.,  41  pis. 
B  312.  The  interaction  between  minerals  and  water  solutions,  with  special  reference  to  geologic 

phenomena,  by  E.  C.  Sullivan.    1907.    69  pp. 
B  313.  The  granites  of  Maine,  by  T.  Nelson  Dale,  with  an  introduction  by  G.  O.  Smith.    1907.    —  pp., 

14  pis. 
B  314.  Report  of  progress  of  investigations  of  mineral  resources  of  Alaska  in  1906,  by  A.  H.  Brooke 

and  others.    1907.    —  pp.,  4  pis. 
B  315.  Contributions  to  economic  geology,  1906,  Part  I:  Metals  and  nonmetals,  except  fuels;  8.  F. 

Emmons  and  £.  C.  Eckel,  geologists  in  charge.    1907.    504  pp.,  4  pis. 
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United  States  Geological  Survey, 

Washington,  D.  OL 
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